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CHAPTERl. GENERAL INTRODUCTION 
Literature Review 
During the late 1800s and early 1900s, the number and area of wetlands in the 
Midwest was greatly reduced, while those that remained became increasingly fragmented 
(McCorvie and Lant 1993). These losses continued into the late 20th century. Nationally, 
about 300,000 acres of wetlands were lost per year during the 1970s and 1980s (Dahl and 
Johnson 1991). The most recent report on wetland losses in the United States estimates an 
annual loss of58,500 acres between 1986 and 1997, an 80% reduction in the annual rate of 
loss reported in the 1970s (Dahl 2000). 
One area that has been extensively drained is the Prairie Pothole Region, which 
includes parts of southern Canada, eastern Montana, North and South Dakota, Minnesota, 
"and Iowa. Today, less than half of that region's original 800,000 1an2 of prairie wetlands 
remain (Tiner 1984). In Iowa, an estimated 11 % ofthe original wetlands remain, with the 
most extensive losses occurring in the Prairie Pothole Region of north-central Iowa, where 
about 99% ofthe natural wetlands have been drained (Dahl 1990, Bishop et al. 1998). 
The major cause of this loss has been intensive farming. State, federal, and local 
government programs, such as the Swamp Land Act of the 1850s, and the formation of local 
drainage districts in the late 1800s and early 1900s provided landowners with financial 
incentives to convert wetlands into croplands (McCorvie and Lant 1993, Bishop et al. 1998). 
Flood Control Acts in the 1920s and 1930s funded large-scale drainage projects, converting 
even more land to agriculture (prince 1997). 
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Wetlands are known to provide important habitat for many bird species. About half 
of the 800 species of migratory birds in North America rely on wetlands for at least part of 
their annual cycle (Mitsch and Gosselink 1993). The Prairie Pothole Region provides a 
breeding place for 50-80% of North America's waterfowl species (Batt et al. 1989). The loss 
of wetlands and the surrounding uplands in this region has had a dramatic effect on numerous 
bird species that depend on them for nesting and feeding. The Sandhill Crane (Grus 
canadensis) and Common Loon (Gavia immer) no longer nest in northwestern Iowa (Weller 
1979), and the Trumpeter Swan (Cygnus buccinator), once extirpated from the state, has only 
recently been reintroduced (Dinsmore 1998). Populations of other wetland species, such as 
the American Bittern (Botaurus lentiginosus) and Northern Shoveler (Anas clypeata), have 
decreased considerably since the early 1900s (Weller 1979). 
Because wetlands playa vital role in regulating floods and providing habitat for 
waterfowl and other wildlife, several programs were implemented during the mid-1980s with 
the goal of preserving remaining natural wetlands and restoring drained basins to their 
original conditions in the Midwest and elsewhere. The 1985 Farm Bill, the North American 
Waterfowl Management Plan of 1986, and the Wetlands Reserve Program have provided the 
initiative for wetland restoration in the Prairie Pothole Region (Bishop et al. 1998). The 1993 
Prairie Pothole Joint Venture Accomplishment report stated that since 1987, nearly 1.9 
million acres (about 769,00 ha) of wetland and grassland habitat have been conserved, 
restored, or enhanced in this region (Kresl et al. 1995). In Iowa, the Prairie Pothole Joint 
Venture has restored more than 988 basins on public land and 706 basins on private land 
since 1988 (Zohrer 2000). 
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There has been some research on the rate that nesting birds recolonize restored basins. 
In New York, Brown and Smith (1998) found that species composition and densities were 
lower in restored wetlands than in natural ones. In Iowa, restored wetlands also typically 
have a lower bird species richness than natural wetlands (Delphey and Dinsmore 1993), but 
the number of species tends to increase with years since restoration (Hemesath and Dinsmore 
1993, VanRees-Siewert and Dinsmore 1996). Both LaGrange and Dinsmore (1989) and 
Hemesath and Dinsmore (1993) found that some species, such as waterfowl and Red-winged 
Blackbirds (Agelaius phoeniceus) will colonize wetlands within one year of restoration. 
Similar research shows that waterfowl begin to breed in wetlands within the first few years 
post-restoration (Delphey and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996). One 
factor that might influence this is the rapid recolonization in the restored basins by many 
invertebrate taxa, a major food source for waterfowl (Delphey 1991, VanRees-Siewert 1993). 
Several other bird species, however, have not been observed in restored wetlands until three 
or four years post-restoration (LaGrange and Dinsmore 1989, VanRees-Siewert and 
Dinsmore 1996, Schuster 1998). LaGrange and Dinsmore (1989) found Common 
Yellowthroats (Geothlypis trichas) breeding at only one restored site and Swamp Sparrows 
(Melospiza georgiana) at none. Two of the three restored basins where VanRees-Siewert and 
Dinsmore (1996) found Virginia Rails (Rallus limicola) were four years post-restoration, 
whereas the Least Bittern (Ixobrychus exilis) was not found in any restored basins one to four 
years post-restoration. More recently, Schuster (1998) did find Least Bitterns, Soras 
(Porzana carolina), and Virginia Rails in central Iowa wetlands at least three years post-
restoration. 
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The establishment of the various wetland zones and the plant species that comprise 
these zones play an important role in the re-colonization by many bird species, as they 
provide food, nesting sites, and cover from predators. Both Weller and Spatcher (1965) and 
Weller and Fredrickson (1974) found that bird species richness was greatest when the 
emergent vegetation covered 50-70 % of the wetland. VanRees-Siewert and Dinsmore 
(1996) found that percentage cover 0 f emergent vegetation in restored wetlands increased 
with wetland age. Galatowitsch and van der Valk (1996), however, found that restored 
wetlands differ from natural wetlands in vegetation composition and pattern of emergent 
vegetation. They reported that only about half of the plant species found in natural wetlands 
are present in restored wetlands, affecting both the food source and nesting sites available to 
birds. In particular, they found that restored wetlands lack an established wet meadow zone. 
Wet-meadow areas, typically dominated by sedges (Carex sp.), are the preferred nesting 
habitat for several wetland birds, including Common Yellowthroat, Sora, Virginia Rail, 
American Bittern, and Swamp Sparrow (Kantrud and Stewart 1984). VanRees-Siewert and 
Dinsmore (1996) and LaGrange and Dinsmore (1989) suggested that the lack of a wet 
meadow might be the reason why these species are often missing from restored wetlands. 
Schuster (1998), on the other hand, suggested that given enough time to mature, restored 
wetlands may be able to provide the nesting habitat needed by these same species. 
Species richness and abundance have been shown to vary directly with wetland size 
(Brown and Dinsmore 1986, Hemesath and Dinsmore 1993, Niesar and Hubbard 1997). 
Brown and Dinsmore (1986) found that marsh area and isolation accounted for 69% ofthe 
variation in the number of breeding bird species and 75% ofthe variation in total species 
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richness in northern Iowa wetlands, with larger marshes and wetland complexes supporting 
more species. Similarly, in the prairie wetlands of South Dakota, Naugle (1997) found area 
to be the most important predictor of bird species richness and habitat use by individual 
species. He found that 95% and 79% ofthe species in semipermanent and seasonal wetlands, 
respectively, were positively associated with wetland area (Naugle 1997). 
In the northern Great Plains, only 7% of seasonal wetlands are greater than 5 ha and 
only 29% of semipermanent wetlands are greater than 10 ha (Naugle 1997). Although larger 
wetlands typically contain more species, small wetlands are still important and playa critical 
role in maintaining regional community dynamics and conserving biodiversity (Semlitsch and 
Bodie 1998). In a simulation model, Gibbs (1993) found that several taxa of vertebrates, 
including birds, faced a significant risk of extinction after the loss of small wetlands. These 
wetlands may serve as sources of potential colonists to other wetlands in the area that have 
experienced chance extinction and reduce inter-wetland distances, thereby increasing the 
chance of successful dispersal. This is of particular importance in the Prairie Pothole Region, 
especially in the eastern and southern portions where most wetlands are small and surrounded 
by an agricultural-dominated landscape. 
Recently, researchers have begun to look at the effect of habitat and landscape 
variables in attracting birds to these small and often isolated wetlands. In South Dakota 
wetlands, several habitat variables, such as the proportion ofthick-stemmed emergent 
hydrophytes, help explain the occurrence of Marsh Wrens (Cistothorus piatensis), Common 
Yellowthroats, American Coots (Fulica americana), Virginia Rails, Pied-billed Grebes, and 
Yellow-headed Blackbirds (Naugle 1997, Naugle et al. 1999a). Landscape-level factors, the 
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amount of semipermanent wetlands in the surrounding area, play an important role in 
attracting other bird species, including the Black Tern (Chlidonias niger) and Canada Goose 
(Branta canadensis), as well as predicting dabbling duck species richness (Naugle 1997, 
Naugle et al. 1997, Naugle et al. 1999a). Naugle et al. (1999b) found that species richness 
decreased as the extent of woody vegetation surrounding the wetland increased and that the 
presence of the Black Tern, Wilson's Phalarope (Phalaropus tricolor), Eared Grebe 
(Podiceps phoenicueus), and Red-winged Blackbird was negatively correlated to the presence 
of woody vegetation. Findlay and Houlahan (1997) found that bird species richness in 
southeastern Ontario wetlands was negatively associated with the density of paved roads on 
adjacent lands. In Iowa's wetlands, Schafer (1996) found that several factors affect nest 
densities and daily survival rates of Red-winged Blackbirds and Yellow-headed Blackbirds at 
the nest-site level, wetland level, and surrounding landscape level. More recently, Fairbairn 
and Dinsmore (2001a,b) looked at both local and landscape influences on species richness 
and individual species occurrences and densities in wetland complexes of northwestern Iowa. 
They found that several factors, including the diversity and type of habitat within a complex 
and the percentage of wetland area within a complex, were associated with bird diversity at 
these sites. 
Most research on bird use of restored wetlands has, to date, been relatively short-term 
and no one has considered any long-term effects of restoration other than one study of 
impounded wetlands in northern Iowa (Weller et al. 1991). In fact, no research on bird 
communities in Iowa's restored wetlands has looked at marshes over six years post-
restoration. Whether restored wetlands can simulate natural wetlands in the long run, in 
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tenns ofthe bird communities that use them, remains a question for managers and researchers 
since the majority ofIowa's wetland restoration projects have occurred only within the last 
15 years. An equally important aspect of restoration is an understanding of the within-
wetland and landscape-level factors that are potentially important in attracting waterfowl and 
other non-game species typical of wetlands. Recently, it has become feasible to address 
questions at both scales through advances in geographical infonnation systems (GIS) 
software. The two papers that follow address the success of wetland restorations in 
northwestern Iowa in attracting a diverse bird community and the habitat and landscape-level 
features that best predict species use of these same wetlands. The results of both aspects are 
important to conservationists and land managers alike since a major goal of restoration is to 
offer feeding and nesting habitat to a plethora of marsh birds. 
Thesis Organization 
This thesis consists of two papers to be submitted to the journal Wetlands. In the first 
paper, bird species richness abundance are compared across young restored (four to six years 
post-restoration), old restored (eight to twelve years post-restoration), and natural wetlands. 
In the second paper, species richness, as well as the occurrence and densities of individual 
species, is related to within-wetland and landscape-level variables. A literature cited section 
for the general introduction and conclusions is included at the end of the thesis. Rachel Dault 
designed the study, conducted fieldwork, and is the principal author of the papers. Dr. James 
J. Dinsmore helped design the study and assisted in the completion of the study through 
advising, obtaining funding, and editing this thesis. 
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CHAPTER 2. LONG-TERM EFFECTS OF RESTORATION ON BIRD 
COMMUNITIES IN NORTHWESTERN IOWA WETLANDS 
A paper to be submitted to Wetlands 
Rachel E. Dault 
Abstract: I compared total bird species richness, breeding bird species richness, and bird 
density across natural, old restored (8-12 years post-restoration), and young restored (4-6 
years post-restoration) wetlands in northwestern Iowa in 1999 and 2000. A total of24 
wetlands were surveyed each year, eight in each wetland category. Breeding species richness 
- -
differed between years (1999: x = 10.3; 2000: x= 8.7). In both years, natural wetlands had 
- -
a greater total species richness (1999: x = 22.8; 2000: x = 24.6) and breeding species 
- -
richness (1999: x = 12.4; 2000: x = 10.8) than both old and young restored wetlands. There 
were no differences between old and young restored wetlands in total species richness (1999: 
- - --
x = 19.9 (old), x = 17.8 (young); 2000: x = 19.6 (old), x = 16.5 (young» or breeding 
- - --
species richness (1999: x = 10.0 (old), x = 8.3 (young); 2000: x = 8.5 (old), x = 7.3 
(young» in either year. However, in 1999, there was a significant trend of increasing 
breeding species richness and the number of years since restoration. Four secretive species, 
American Bittern, Least Bittern, Virginia Rail, and Sora, were found in more wetlands in 
1999 than in 2000, and in more natural than restored wetlands in both years. In both years, 
natural and old restored wetlands had similar total bird densities, whereas young restored 
wetlands had lower densities than both natural and old restored wetlands. Several habitat 
variables differed between years, including the presence of a water-logged emergent zone, 
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the depth of the emergent zone, and the number of dominant emergent plant species. Habitat 
variables also varied between the wetland categories, with natural marshes having a greater 
percentage of vegetated area and a greater number of dominant emergent plant species than 
both restored categories in 1999 and young restored wetlands in 2000. In both years, old 
restored wetlands had a greater percentage of wet meadow than young restored wetlands, 
suggesting that with time, wet meadow zones will develop on wetland restorations. While 
restored wetlands provide breeding habitat for some species of birds, they do not attract as 
diverse a breeding community as their natural counterparts. Management efforts of restored 
wetlands should focus on establishing a diverse vegetative community that would offer a 
broad range of marsh birds suitable breeding habitat. 
Key Words: wetlands, wetland birds, wetland restoration, wetland ecology, restoration 
ecology, waterfowl, wetland management, Iowa, Prairie Pothole Region 
Wetlands in the Midwest have been extensively drained since the time of European 
settlement, while those that remain have become increasingly fragmented (McCorvie and 
Lant 1993). The Prairie Pothole Region of the Midwest has lost more than half of its original 
800,000 square kilometers of wetlands (Tiner 1984). Iowa, in particular, has lost more than 
99% of its prairie potholes (Dahl 1990, Bishop et a1. 1998). Nationally, wetland losses 
continue today, although the annual rate of these losses has declined in the past few decades 
(Dahl and Johnson 1991, Dahl 2000). 
Throughout the late 1970s and early 1980s, several government initiatives, including 
the Farm Bill of 1985, the North American Waterfowl Management Plan of 1986, and the 
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Wetland Reserve Program, have helped save many of the Midwest's remaining natural 
wetlands and restored thousands of drained basins to their original conditions. In Iowa alone, 
more than 11,000 ha of natural wetlands were placed under protection and more than 2,600 
ha were restored between 1987 and 1996 (Bishop et al. 1998). To date, the Prairie Pothole 
Joint Venture has restored more than 988 basins on public land and 706 basins on private 
land in Iowa since 1988 (Zohrer 2000). 
Numerous North America bird species rely on wetlands for feeding, nesting, or 
resting. In fact, the Prairie Pothole Region serves as a major breeding ground and migratory 
stopover for numerous waterfowl and non-game bird species. In recent years, much research 
has focused on the recolonization pattern of birds nesting in restored basins. In general, 
species richness in restored wetlands is less in restored wetlands than in their natural 
counterparts (Delphey and Dinsmore 1993, Brown and Smith 1998), but tends to increase 
both with years since restoration (Hemesath and Dinsmore 1993, VanRees-Siewert and 
Dinsmore 1996) and with area of the wetland (Brown and Dinsmore 1986, Hemesath and 
Dinsmore 1993, Niesar and Hubbard 1997). Some species, such as Red-winged Blackbirds 
(Agelaius phoeniceus), colonized Iowa wetlands within one year of restoration (LaGrange 
and Dinsmore 1989, Hemesath 1991), and waterfowl have been found breeding within the 
first few years of restoration (Delphey and Dinsmore 1993, VanRees-Siewert and Dinsmore 
1996). The rapid recolonization of several invertebrate taxa in restored wetlands may 
influence the presence of waterfowl in these young basins (Delphey 1991, VanRees-Siewert 
1993). However, other species, including Common Yellowthroats (Geothlypis trichas), 
Swamp Sparrows (Melospiza georgiana), Virginia Rails (Rallus limicola), and Least Bitterns 
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(Ixobrychus exilis), have not been found in wetlands until three or four years post-restoration 
(LaGrange and Dinsmore 1989, VanRees-Siewert 1993, Schuster 1998). 
Habitat features, such as the establishment ofthe various vegetation zones (Stewart 
and Kantrud 1971), play an important role in attracting bird species to wetlands by providing 
nest sites, food sources, and shelter from adverse weather and predators. Both Weller and 
Spatcher (1965) and Weller and Fredrickson (1974) found that bird species richness was 
greatest when the emergent vegetation covered about 50-70 % of the wetland. Galatowitsch 
and van der Valk (1996) found that restored prairie wetlands differed from natural wetlands 
in terms of vegetative diversity and pattern of emergent vegetation. It has been suggested, 
however, that with time, both the floral and faunal communities of restored wetlands will 
become similar to those of natural wetlands (VanRees-Siewert and Dinsmore 1996, Schuster 
1998). 
Most research on bird communities in restored wetlands has, to date, been relatively short 
term. In Iowa, no research has looked at wetlands more than six years post-restoration. 
Since one ofthe major goals of wetland restoration is to provide breeding habitat for 
waterfowl and other non-game bird species, longer-term research is needed to determine 
whether these restorations are meeting the goal of providing habitat for the full range of 
species that should occupy them. The objectives of this paper are to compare total species 
richness, breeding species richness, and bird abundance across three categories of wetlands 
(natural, old restored, and young restored), to compare habitat variables between these same 
categories, and to discuss how these habitat variables may influence the bird communities 
found on these sites. 
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Study Sites 
Study sites were located in Clay, Dickinson, Emmet, Kossuth, and Palo Alto counties 
of northwest em and north-central Iowa in 1999, and in Clay, Dickinson, Emmet, Kossuth, 
Palo Alto, and Hancock counties in 2000. I studied three categories of wetlands: natural 
wetlands, old restored wetlands, and young restored wetlands. Natural wetlands were those 
with no prior history of drainage. Old restored wetlands were those between 8 and 12 years 
post-restoration. Young restored wetlands were those between four and six years post-
restoration. All restored wetlands had been previously tile-drained and row-cropped for at 
least 20 years before reflooding. 
Bird use was monitored on 24 seasonal or semipermanent wetlands in both years, 8 in 
each wetland category. Because of a mild winter and dry early spring in 2000, 13 wetlands 
used in 1999 held little or no water and were not used again in 2000 (Appendices A, B). 
Wetland area ranged from 0.9 ha to 3.1 ha. To minimize the effects that different land-use 
practices in the adjacent upland might have on bird communities at each site, only wetlands 
in which at least 70% of the perimeter was surrounded by a 100-m-wide band of untilled 
upland were selected. In general, similar land management practices were employed on all 




Data were collected from 17 May until 6 July in 1999, and 15 May until 2 July in 
2000. Bird surveys were conducted at each wetland four times per field season between 
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sunrise and 10 a.m., when bird activity was greatest, rotating the order that wetlands were 
visited to reduce the risk oftime-of-day bias (Skirvin 1981). Counts were not made during 
rain or high winds (Robbins 1981). I established three observation points in each basin. The 
first station was selected using a random compass bearing, and the other two were evenly 
spaced around the wetland from the first point, thus maximizing coverage of the entire 
wetland and avoiding overlap among stations. Each station was placed in the middle of the 
emergent vegetation zone, or at the water's edge ifno emergent vegetation zone was present. 
All birds seen or heard within a 20-m radius of each station during an eight-minute 
observation period were counted. Schuster (1998) recently found that eight-minute point 
counts were adequate to determine the community make-up of marsh birds. During the 
fourth and fifth minutes of the bird counts, tape-recorded calls of the Sora (Porzana 
carolina), Virginia Rail, American Bittern (Botaurus ientiginosus), and Least Bittern were 
played to elicit responses from these normally secretive species (Marion et al. 1981, Gibbs 
and Melvin 1997). These four are considered secretive species because they vocalize 
infrequently and are inconspicuous to most observers (Gibbs and Melvin 1993). Prior to 
entering the wetland, I scanned each basin and noted any waterfowl species that were 
present. Birds detected as I entered each basin and as I moved between count stations were 
also noted and added to the species richness list but not included in the density counts. 
Two measures of bird species richness were made: total species richness and breeding 
species richness. Total species richness was determined by totaling the number of different 
species found using the wetland during the four visits to each site. Breeding species richness 
included all species determined to be breeding at each site. A species was considered to be 
breeding at a particular wetland if an active nest was found, flightless young were seen, or if 
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adults were present on three of four visits. During the second and third visits to each site, I 
searched the emergent vegetation zone and a 30-m band of the surrounding upland by foot in 
a zig-zag manner, scanning the vegetation for nests and flushing birds. I assessed bird 
density by totaling the number of birds detected at each count station during each of the four 
visits, and later converted that to a density index based on the number of individuals per 
hectare, thus allowing comparisons across wetland sites and between previous studies. 
Vegetation Sampling 
In early spring, prior to each field season, I visited each site and noted the presence or 
absence of various wetland zones (wet meadow, mudflat, emergent, and open water), as 
outlined by Stewart and Kantrud (1971). The presence of an emergent zone was based on 
whether or not the area contained a waterlogged vegetated zone. Although emergent 
vegetation may have developed later in the summer in these wetlands, a site was considered 
to have an emergent zone in the spring if a vegetated area contained at least 20 cm of 
standing water. I also measured the width of each wetland zone at 15- to 20-m intervals or 
where changes in width occurred. The depth of water at the open water/emergent zone 
interface was estimated using four depth classes: 1) 0-20 cm; 2) 21-40 cm; 3) 41-60 cm; 4) > 
60 cm. All other vegetation work was performed between 1 and 10 July in 1999, and 
between 25 June and 3 July in 2000. At that time, I visually estimated the percent coverage 
of plant species in the emergent and wet meadow zones, and recorded any species covering ~ 
10% of a particular zone. Within the emergent and wet meadow zones, I grouped species 
into robust- and weak-stemmed categories based on Weller and Spatcher (1965) and Kantrud 
et al. (1989). 
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Analysis 
Aerial survey farm compliance slides for each wetland were obtained from the Farm 
Service Agency office in each county. Slides were first georeferenced in GeoTransformer3 
using both the road and wetland (NWD coverages from the Natural Resource Geographical 
Information Systems (NRGIS) data as reference points. The georeferenced slides were 
brought into ArcView (Environmental Systems Research Institute, Redlands, CA), and maps 
of each site were digitized directly from the aerial slide. Arc View was used to calculate area 
and perimeter of each wetland, the area of the various wetland zones within each wetland, 
and the percentage of the wetland that each zone covered. An edge index for each site was 
also obtained from ArcView and was calculated as a perimeter-to-area ratio (m/ha). As the 
shape of the wetland deviates from a circle, the value ofthe edge index increases. 
Since a different set of wetlands was used in 2000 than in 1999, due to the dry 
conditions in the spring of 2000, I analyzed each year separately. An analysis of variance 
(ANDV A) using the PROC GLM statement in SAS (SAS Institute 1990) was used to 
compare total species richness, breeding species richness, and bird density among the 
wetland categories. Contrast statements were used to make specific comparisons. These 
comparisons were natural vs. old, natural vs. young, and young vs. old. Regression analysis 
was used to test whether breeding richness increased with years since restoration, where the 
exact ages of restored wetlands (i.e., number of years since basin was reflooded) served as 
the independent variable and breeding species richness served as the independent variables. 
An analysis of variance was also used to compare the measured habitat variables 
(Table 1) across wetland categories, and contrast statements were used to make the same 
specific comparisons mentioned above. Pearson correlation coefficients between the habitat 
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variables and total species richness, breeding species richness, and bird abundance were 
computed using the PROC CORR statement in SAS. In all analyses, a p-value of 0.05 or less 
was considered statistically significant. A p-value between 0.051-0.10 was considered 
marginally significant. 
Results 
Overall Bird Use 
More species were found in each wetland category in 2000 than in 1999 (Table 2). 
The increases in 2000 can be accounted for mainly by the increases in the number of 
shorebirds and songbirds. The number of breeding species did not differ between 1999 and 
2000 in any ofthe three wetland categories (Table 2). In both years, Red-winged Blackbirds 
and Common Yellowthroats nested in all 24 wetlands (Table 3). In 1999, Mallards and Blue-
winged Teal nested in 23 wetlands, Swamp Sparrows in 22, and Sedge Wrens in 20. Yellow-
headed Blackbirds, Pied-billed Grebes, and Marsh Wrens nested on at least half of the 
wetlands in 1999. In 2000, Mallards nested in all 24 wetlands, Swamp Sparrows in 21, and 
Song Sparrows in 19. Canada Geese, Sedge Wrens, Common Grackles, and Blue-winged 
Teal nested on at least half of the sites in 2000. 
Total Species Richness 
There were no significant differences in total species richness per wetland between 
years in any ofthe wetland categories (Table 4). In 1999, natural wetlands had a marginally 
significant greater total species richness than old restored wetlands (F = 2.94, df = 1, 21, p = 
0.099) and a significantly greater total species richness than young restored wetlands (F = 
17 
8.90, df= 1,21, P = .007). Old restored wetlands did not differ from young restored 
wetlands in total species richness in 1999 (F = 1.61, df= 1,21, P = 0.219). In 2000, natural 
wetlands had significantly greater total species richness than both old restored (F = 6.74, df= 
1,21, p = 0.017) and young restored wetlands (F = 17.79, df= 1,21, p < 0.001). Old 
restored wetlands and young restored wetlands did not differ in total species richness in 2000 
(F = 2.63, df= 1,21, P = 0.120). 
Breeding Species Richness 
There was an overall significant difference in the average number of breeding species 
- -
between years (1999: x= 10.3,2000: x= 8.7; F = 3.75, df= 1,46, p = 0.05). Natural 
wetlands had significantly more breeding species in 1999 than in 2000 (F = 4.71, df= 1, 14, 
p = 0.048) (Table 4). There was no difference between 1999 and 2000 in the number of 
breeding species in either old restored or young restored wetlands (old: F = 2.33, df = 1, 14, 
p = 0.149; young: F = 0.77, df= 1, 14, p = 0.396). Regarding secretive species, the American 
Bittern, Sora, and Virginia Rail nested on more wetlands in 1999 than in 2000 (Table 3). The 
Least Bittern nested on the same number of wetlands (2) in both years. 
In both 1999 and 2000, natural wetlands had a significantly greater breeding species 
richness compared to both old restored wetlands (1999: F = 5.30, df= 1,21, p = 0.032; 
2000: F = 6.16, df= 1,21, p = 0.022) and young restored wetlands (1999: F = 15.99, df= 1, 
21, p < 0.001; 2000: F = 14.91, df= 1,21, P = 0.001). In both 1999 and 2000, old and 
young restored wetlands had a similar breeding species richness (1999: F = 2.88, df= 1,21, 
p = 0.105; 2000: F = 1.90, df= 1,21, p = 0.182). However, in 1999, regression analysis 
showed a significant relationship between breeding species richness and the number of years 
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since restoration (y = 6.17 + 0.42 age; R2 = 0.26, P = .05). In 2000, the relationship between 
breeding species richness and restoration age was non-significant. 
In 1999, all four secretive species were found nesting most often in natural wetlands. 
(Table 3). American Bitterns nested on four sites and the Least Bitterns nested on two sites, 
all of which were natural wetlands. Soras nested on seven sites; five of which were natural 
wetlands and two young restored wetlands. Virginia Rails nested on ten sites: six natural, 
three old restored, and one young restored wetland. 
In 2000, of the four secretive species, only Least Bitterns and Virginia Rails were 
found breeding on any of the sites, again most often in natural wetlands (Table 3). Least 
Bitterns nested on two wetlands; one natural and one old restored wetland. Virginia Rails 
nested on two sites, both natural wetlands. 
A comparison was then made among the wetland categories using breeding species 
richness with American and Least bitterns, Virginia Rail, and Sora removed from the counts 
(Table 4). In 1999, when secretive species were not considered, natural wetlands had a 
similar number of breeding species as old restored wetlands (F = 0.33, df= 1,21, p = 0.5725) 
and a mildly significant greater number of breeding species than young restored wetlands (F 
= 3.62, df= 1,21, p = 0.071). In 2000, however, a difference in breeding species richness, 
despite having removed secretive species from the analysis, persisted between natural and 
old restored wetlands (F = 4.55, df= 1,21, p = 0.045), as well as natural and young restored 
wetlands (F = 11.65, df= 1,21, P = 0.003). In both years, old and young restored wetlands 
did not differ in breeding species richness when secretive species were removed (1999: F = 
2.75, df= 1,21, P = .111; 2000: F = 1.64, df= 1,21, p = 0.215). 
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Bird Density 
There was no difference in overall bird density between years in any of the wetland 
categories (Table 5). In both 1999 and 2000, natural wetlands did not differ from old 
restored wetlands in bird density (1999: F = 0.32, df= 1,93, P = 0.573; 2000: F = 1.84, df= 
1, 93, P = 0.179). In both years, young restored wetlands had significantly lower bird density 
than both natural wetlands (1999: F = 29.14, df= 1,93, P < 0.001; 2000: F = 42.69, df= 1, 
93, P < 0.001) and old restored wetlands (1999: F = 23.35, df= 1,93, P < 0.001; 2000: F = 
26.82, df= 1,93, P < 0.001). 
There were no differences in the densities of Red-winged and Yellow-headed 
blackbirds, the two most abundant species in this study, between 1999 and 2000 in natural 
and old restored wetlands (Table 5). In young restored wetlands, however, Red-winged 
Blackbird density was significantly greater in 1999 than in 2000 (F = 7.69, df= 1,93, P = 
0.015) and Yellow-headed Blackbird density was marginally greater in 2000 than in 1999 (F 
= 3.73, df= 1,93, P = 0.095). 
In 1999, Red-winged Blackbird density was greater in natural wetlands than in old 
restored wetlands (F = 6.64, df= 1, 93, P = 0.018 ) but not young restored wetlands (F = 
2.29, df= 1,93, P = 0.145). Old and young restored wetlands did not differ in Red-winged 
Blackbird density in 1999 (F = 1.13, df= 1, 93, p = 0.300). In 2000, young restored wetlands 
had a significantly fewer Red-winged Blackbirds than both natural (F = 17.84, df= 1,93, P < 
0.001) and old restored wetlands (F = 8.03, df= 1,93, P = 0.010). Natural and old restored 
wetlands did not differ in Red-winged Blackbird density in 2000 (F = 1.93, df= 1,93, P = 
0.179). 
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Old restored wetlands had marginally greater Yellow-headed Blackbird densities than 
young restored wetlands in 1999 (F = 3.86, df= 1, 93, P = 0.071), but no other abundance 
comparison was significant that year. In 2000, all three wetland categories had similar 
Yellow-headed Blackbird densities. 
Habitat Variables 
Between Year Comparisons 
Table 6 shows the presence ofthe various wetland zones in late spring in each of the 
wetland categories for each year. The much drier conditions present in 2000 had a 
pronounced effect on the wetland zones present that year. Fewer wetlands had a waterlogged 
emergent zone, and more wetlands had a prominent mudflat zone in 2000 than in 1999. 
Table 7 lists the average value of habitat variables in each field season. Area, 
perimeter, edge, % open water, % of the wetland covered with vegetation, and the number of 
dominant wet meadow species did not differ between 1999 and 2000. The percentage of the 
wetland covered by the emergent zone, the number of dominant species in the emergent 
zone, and the depth ofthe emergent zone were significantly greater in 1999 than in 2000. 
The percentage ofthe wetland covered by a wet meadow zone, the percentage ofthe wetland 
covered by a mudflat zone, the proportion of robust emergent vegetation, and the proportion 
of robust wet meadow vegetation were all significantly greater in 2000 than in 1999. 
Among Wetland Categories 
Tables 8 and 9 list the mean habitat variable values across the three wetland 
categories in 1999 and 2000, respectively. There were no significant differences in wetland 
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area across the three categories of wetlands in either 1999 or 2000 (1999: F = 1.45, df= 2, 
21, P = 0.257; 2000: F = 0.36, df= 2,21, P = 0.701). Similarly, the wetland categories did 
not differ in their average perimeter in either year (1999: F = 0.72, df= 2, 21, P = 0.500; 
2000: F = 0.74, df= 2,21, P = 0.487). In 1999, old restored wetlands had a significantly 
greater edge index than natural wetlands (F = 10.39, df= 1,21, P = .004) and a marginally 
significant greater edge index than young restored wetlands (F = 3.16, df= 1,21, P = 0.090). 
Natural and young restored wetlands did not differ in their average edge index in 1999 (F = 
2.09, df= 1,21, P = 0.163). In 2000, no significant differences in edge occurred across the 
three wetland categories (F = 0.01, df= 2,21, P = 0.989). 
In 1999, natural wetlands had less open water than old restored wetlands (F = 11.81, 
df= 1, 21, P = 0.003) and young restored wetlands (F = 19.02, df= 1,21, P < 0.001), 
whereas the percentage of open water in old and young restored wetlands did not differ (F = 
0.46, df = 1, 21, P = 0.505). In 2000, natural wetlands had less open water than young 
restored wetlands (F = 6.06, df= 1,21, P = 0.023), but not old restored wetlands (F = 0.81, df 
= 1,21, P = 0.377). Old and young restored wetlands did not differ in the percentage of open 
water in 2000 (F = 2.44, df= 1,21, P = 0.133). In 1999, the total percentage ofthe wetland 
that was covered with vegetation was greatest in natural wetlands and least in young restored 
wetlands, with significant differences occurring between natural and old restored wetlands (F 
= 11.00, df= 1,21, P = 0.003) and natural and young restored wetlands (F = 20.01, df= 1, 
21, P < 0.001). The same pattern occurred in 2000 with natural wetlands having the greatest 
percentage of vegetated area and young restored wetlands having the least, but the difference 
was significant only between natural and young restored wetlands (F = 8.89, df= 1,21, p = 
0.007). In both years, there were no significant differences in the percentage of emergent 
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vegetation across any ofthe wetland categories (1999: F = 0.44, df= 1,21, p = 0.652; 2000: 
F = 0.25, df= 1,21, p = 0.781). In 1999, natural wetlands contained a greater percentage of 
wet meadow zone than old restored wetlands (F = 84.76, df= 1, 21, p < 0.001) and young 
restored wetlands (F = 247.61, df= 1,21, p < 0.001), and old restored wetlands had a 
significantly greater percentage of wet meadow zone than young restored wetlands (F = 
42.63, df= 1,21, p < 0.001). In 2000, natural and old restored wetlands did not differ in the 
percentage of wet meadow (F = 2.21, df= 1,21, p = 0.152), but both had a significantly 
larger wet meadow zone than young restored wetlands (natural vs. young, F = 12.73, df= 1, 
21, p = 0.002; old vs. young, F = 4.33, df= 1,21, p = 0.050). Because only three wetlands 
had a prominent mudflat in 1999, no analysis was perfonned. In 2000, however, natural 
wetlands had a lower percentage of mudflat than old restored wetlands (F = 4.30, df= 1,21, 
p = 0.050) and young restored wetlands (F = 7.10, df= 1,21, p = 0.015). Old and young 
restored wetlands did not differ in percentage mudflat in 2000 (F = 0.35, df= 1,21, p = 
0.559). 
In 1999, natural wetlands had significantly more dominant emergent species than old 
restored wetlands (F = 4.87, df= 1, 21, p = 0.037) and marginally more emergent species 
than young restored wetlands (F = 3.73, df= 1,21, p = 0.067). Old and young restored 
wetlands did not differ in the number of dominant emergent species in 1999 (F = 0.08, df = 1, 
21, p = 0.785). In 2000, young restored wetlands had fewer emergent species than both 
natural wetlands (F = 6.82, df= 1, 11, P = 0.024) and old restored wetlands (F = 6.25, df= 1, 
11, p = 0.030). Natural wetlands and old restored wetlands did not differ in the number of 
dominant emergent species in 2000 (F = 0.16, df= 1, 11, p = 0.700). In 1999, the only 
significant difference in the percentage of robust vegetation occurred between old restored 
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and young restored wetlands (F = 5.20, df= 1,21, P = 0.033). In 2000, no significant 
differences in the percentage of robust emergent vegetation occurred among the three 
categories of wetlands (F = 1.41, df= 2, 11, P = 0.284). In 1999, there were no differences in 
the depth of the emergent zone between any of the three wetland categories (F = 2.38, df= 2, 
21, P = 0.117). In 2000, there was a marginally significant difference in emergent zone depth 
between natural and young restored wetlands (F = 3.92, df= 1,21, P = .061), and no 
differences in depth between natural and old restored wetlands (F = 1.41, df= 1,21, P = 
0.248) and old and young restored wetlands (F = 0.63, df= 1,21, P = 0.437). 
In 1999, natural wetlands had significantly more dominant wet meadow species than 
old restored wetlands (F = 4.77, df= 1, 14, P = 0.047). Young restored wetlands did not 
differ with either natural (F = 0.41, df= 1, 14, P = 0.531) or old restored wetlands (F = 2.80, 
df = 1, 14, P = 0.117) in the number of dominant wet meadow species in 1999. In 2000, 
significant differences in the number of dominant wet meadow species occurred between 
natural wetlands and both old restored (F = 12.89, df= 1,21, P = 0.002) and young restored 
wetlands (F = 51.55, df= 1,21, P < 0.001). Old restored wetlands also had significantly 
more dominant wet meadow species than young restored wetlands (F = 12.89, df= 1,21, P = 
0.002). In 1999, the percentage of robust wet meadow vegetation varied greatly within each 
wetland category but no comparisons were significant (F = 0.12, df= 2, 14, P = 0.888). In 
2000, old restored wetlands had a marginally greater percentage of robust wet meadow 
vegetation than both natural (F = 3.92, df= 1,21, P = 0.061) and young restored wetlands (F 
= 3.23, df= 1,21, P = 0.087). 
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Correlation Analysis 
Table 10 shows the results of a Pearson correlation analysis between the habitat 
variables and total species richness, breeding species richness, and bird abundance in both 
1999 and 2000. In 1999, total species richness was positively correlated with wetland area, 
perimeter, and percent wet meadow, and negatively correlated with edge index. In 2000, 
total species richness was positively correlated with number of dominant wet meadow 
species and negatively correlated with the amount of edge. In 1999, breeding species 
richness was positively correlated with area, percent wet meadow, percent vegetated, and 
depth of the emergent zone, marginally correlated with perimeter, and negatively correlated 
with edge index, the percent open water, and percent mudflat. In 2000, breeding species 
richness was positively correlated with percent vegetated area and the number of dominant 
wet meadow species, marginally positively correlated with area, percent emergent zone, 
percent wet meadow, and depth of emergent zone, and significantly negatively correlated 
with edge index. 
In 1999, bird density was positively correlated with wetland area, perimeter, percent 
wet meadow, and depth of emergent zone, marginally positively correlated with percent 
vegetated and proportion of robust emergent vegetation, and marginally negatively correlated 
with percent mudflat. In 2000, bird density was positively correlated with percent emergent 
zone, percent wet meadow zone, percent vegetated, number of dominant emergent species, 
number of dominant wet meadow species, and the depth of the emergent zone, marginally 
positively correlated with area and perimeter, and marginally negatively correlated with 
percent open water and percent mudflat. 
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Table 11 shows the correlations between habitat variables and the densities of Red-
winged and Yellow-headed blackbirds. In both 1999 and 2000, the density of redwings was 
marginally positively correlated with the percentage of wet meadow. Similarly, Red-winged 
Blackbird abundance was marginally and significantly positively correlated with the number 
of dominant wet meadow species in 1999 and 2000, respectively. In 1999, the density of 
Yellow-headed Blackbirds was positively correlated with the depth of the emergent zone and 
marginally positively correlated with the percentage of robust emergent vegetation. In 2000, 
the density of Yellow-headed Blackbirds was positively correlated with the percentage 
emergent vegetation and the percentage of robust emergent vegetation, and marginally 
positively correlated with wetland area and the depth of the emergent zone. 
Discussion 
Overall Bird Use 
A variety of bird species use restored wetlands in northwestern Iowa. A total of35 
and 36 species were found using old and young restored wetlands, respectively, in 1999, and 
44 and 43 species were found using old and young restored wetlands, respectively, in 2000 
(Table 2). These totals are similar to those found in natural wetlands during the same years 
(Table 2) and to those found on restored wetlands in earlier studies by both VanRees-Siewert 
and Dinsmore (1996) (42) and Schuster (1998) (45). Fewer waterfowl species were found in 
this study (Table 2) compared to the 14 waterfowl species found by VanRees-Siewert and 
Dinsmore (1996) in northwestern Iowa and 13 waterfowl species found by Sewell and 
Higgins (1991) in South Dakota and Minnesota. VanRees-Siewert and Dinsmore (1996) 
found that waterfowl tended to use restored wetlands that were one or two years old, but 
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wetlands more than two years post-restoration had decreased waterfowl diversity. This may 
be due to the large proportion of open water in these younger restorations, providing 
waterfowl an area for feeding and resting. 
The mean total species richness per wetland of restored marshes (Table 4) was greater 
in this study than the 10-13.2 average total species richness found by VanRees-Siewert and 
Dinsmore (1996). That study, however, looked at wetlands ranging from one to four years 
post-restoration, whereas I looked at wetlands at least four years post-restoration. In this 
study, old and young restored wetlands did not differ from one another in total species 
richness, whereas natural wetlands had a greater total species richness than restored wetlands 
(Table 4). This suggests that wetland restorations, at least those fewer than l3 years post-
restoration, do not attract as diverse a community as their natural counterparts. 
Breeding Species Richness 
I found 15 and 16 species breeding on old and young restored wetlands, respectively, 
in both 1999 and 2000 (Table 2), which is similar to the totals found by both VanRees-
Siewert and Dinsmore (1993) (15) and Schuster (1998) (12 and 18). The greater number of 
breeding songbirds found in this study compared to VanRees-Siewert and Dinsmore (1996) 
(5) may be due to the increase in the vegetation-to-open water ratio with restoration age 
(Hemesath and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996). A greater vegetated 
area presumably provides songbirds with more nesting and perching sites. 
The mean breeding species richness per wetland (Table 4) was typically greater in 
restored wetlands in this study than in previous studies looking at restored sites one to four 
years post-restoration (LaGrange and Dinsmore 1989 (7); Delphey and Dinsmore 1993 (3.6 
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and 5.4); Hemesath and Dinsmore 1993 (4.8 and 8.2); VanRees-Siewert and Dinsmore 1996 
(5.8); Schuster 1998 (4.8 and 8.7)). Regression analysis for 1999, a year of normal water 
levels, also showed that breeding species richness increased with years since restoration. As 
with total species richness, this suggests that, with time, restored wetlands are able to support 
an increasingly diverse breeding community. Natural wetlands, on the other hand, contained 
greater breeding species richness than either category of restored wetlands (Table 4), 
supporting the idea that restored wetlands do not offer the variety of breeding niches 
provided by natural wetlands. 
American Bitterns, Least Bitterns, Soras, and Virginia Rails were seldom found in 
restored wetlands in either year (Table 3). The lack ofthese secretive species in restored 
wetland may in fact account for the discrepancy in breeding species richness between natural 
and old restored wetlands, at least in years of normal water levels. In 1999, when these 
secretive species were removed from the analysis, a statistically significant difference in 
breeding species richness no longer existed. These species use the tall, thickly vegetated 
areas of wetlands to nest, feed, and protect themselves from predators and adverse weather. 
Natural wetlands had a greater percentage of wet meadow zone than both old and young 
restored wetlands in 1999 (Tables 8). Galatowitsch and van der Valk (1996) found that 
restored wetlands in the Prairie Pothole Region usually lack a true wet meadow zone, the 
zone where American Bitterns, Soras, and Virginia Rails typically nest. In this study, only 
one young restored wetland contained a wet meadow zone in 1999, a year of normal water 
levels. In 2000, more restored wetlands contained a wet meadow zone, but this was based 
solely on the water level conditions rather than on the criteria used by Galatowitsch and van 
der Valk (1996). Galatowitsch and van der Valk (1996) also found that restored wetlands 
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typically lack the vegetative diversity of natural wetlands, particularly sedges (Carex sp.). I 
also found that restored wetlands often had fewer dominant emergent and wet meadow 
species than natural wetlands (Tables 8 and 9). Restored wetlands, then, may not offer these 
secretive species, two of which are considered species of special concern in Iowa, suitable 
habitat in terms of the amount and diversity of vegetation, especially in the wet meadow 
zone. 
In earlier studies, fewer Swamp Sparrows, Common Yellowthroats, and Marsh Wrens 
were found at young restored wetlands (one to four years post restoration) than natural 
wetlands (Delphey and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996). I found all 
three species nesting in both categories of restored wetlands (Table 3), suggesting that, with 
time, restorations are able to provide the nesting habitat needed by these species. In both 
years, however, the Marsh Wren bred in more natural wetlands than in either category of 
restored wetlands (Table 3). Marsh Wrens nest in robust vegetation, such as cattails (Typha 
sp.), in the deep-water emergent zone and may have responded to the greater percentage of 
robust emergent vegetation in natural than in restored wetlands in 1999 (Table 8) or the 
greater water depth of the emergent zone in natural than in young wetlands in 2000 (Table 9). 
In 1999, Pied-billed Grebes nested in more old restored wetlands than in young 
restored wetlands (Table 3). VanRees-Siewert (1993) also found that Pied-billed Grebes 
were present in more older wetlands (> 2 years post-restoration) than wetlands one or two 
years post-restoration. Pied-billed Grebes build their nests in clumps of robust emergent 
vegetation that grow in open water areas (Weller and Spatcher 1965). The greater proportion 
of robust emergent vegetation in old versus young restored wetlands in 1999 may have 
offered Pied-billed Grebes more cover and nesting substrate (Table 8). In 2000, Sedge 
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Wrens nested on fewer young restored wetlands than either natural or old restored wetlands 
(Table 3), probably in response to the less extensive wet meadow zone and lack of robust wet 
meadow vegetation (Table 9), which they use for nest sites. Song Sparrows, which are 
usually found around the edge of the wet meadow zone, nested in fewer young restored 
wetlands than either natural or old restored wetlands, especially in 1999 (Table 3). 
It was surprising to find Canada Geese nesting in more natural wetlands than either 
restored category (Table 3). VanRees-Siewert and Dinsmore (1996) found Canada Geese 
nesting in wetlands within the first two years of restoration, and fewer nesting in wetlands 
beyond two years post-restoration. They attributed this to the large amount of open water 
available to waterfowl in the first few years after a restoration. Schuster (1998), however, 
found Canada Geese more often on natural wetlands, and suggested that the relatively recent 
reintroduction ofthis species into Iowa may playa role. Natural wetlands may be traditional 
breeding sites for these geese, as well as many other marsh bird species, and the use of these 
restored wetlands by breeding species may increase with time. 
Bird Density 
In general, bird density increased with wetland age, with older restored wetlands 
resembling natural wetlands (Table 5). Since young restored wetlands had the lowest 
percentage of vegetated area, they may have lacked adequate habitat needed to support a high 
density of birds (Tables 8 and 9). 
Natural wetlands had greater Red-winged Blackbird density than old restored 
wetlands in 1999 and young restored wetlands in 2000 (Table 5). This was surprising since 
Red-winged Blackbirds use a diversity of nesting habitats and are flexible in their nesting 
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requirements (Weller and Spatcher 1965, Weller and Fredrickson 1974). In 1999, however, 
natural wetlands had a greater percentage of wet meadow than old restored wetlands (Table 
8), which would have provided more available habitat for redwing nesting. Similarly, in 
2000, Red-winged Blackbirds may have been limited by the low percentage of wet meadow 
available for nesting in young restored wetlands (Table 9). 
In 1999, young restored wetlands had the lowest density of Yellow-headed 
Blackbirds (Table 5). Yellow-headed Blackbirds use thick-stemmed emergent vegetation to 
support their nests, and perhaps were responding to the lower percentage of robust emergent 
vegetation in young restored wetlands that year (Table 8). 
However, blackbird density may have also been affected by competition between the 
two species. Yellow-headed blackbirds have been shown to push Red-winged Blackbirds to 
the edge of wetlands or even out of a particular site (Weller and Spatcher 1965, Miller 1968). 
In this study, the greatest densities of Red-winged Blackbirds were associated with the lowest 
densities of Yellow-headed Blackbirds and vice versa (Table 5). Perhaps Red-winged 
Blackbirds were responding less to habitat cues and more to the presence or absence of 
Yellow-headed Blackbirds in their nest site selection. 
Between-year Comparisons 
In the spring of 1999, most basins in the study area held water and remained full or 
nearly full throughout the breeding season. On the other hand, drought conditions persisted 
throughout the spring of 2000, and many basins held little or no water in mid May. Rain fell 
throughout early June and most basins held water by mid June 2000. Few wetlands 
contained a waterlogged emergent zone in mid-May that year (Table 6). While total species 
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richness remain unchanged in the drought year (Table 4), there was a difference in the 
average breeding species richness between 1999 and 2000, with a greater average breeding 
species richness in 1999. Similarly, species composition was affected by the spring drought 
in 2000 (Tables 2 and 3). 
Previous studies have found that maximum avian use of prairie pothole wetlands 
occurs during the hemi-marsh state, where the cover of emergent vegetation is between 50 
and 70% (Weller and Spatcher 1965, Weller and Fredrickson 1974, Weller et al. 1991, 
Murkin et al. 1997). Weller and Spatcher (1965) suggested that most species breeding in such 
wetlands either use the deep emergent zone or are influenced by it. Weller (1979) found that 
overwater- and upland-nesting birds responded positively to increased water levels, further 
suggesting the importance of water depth in predicting breeding bird use of wetlands. 
During drought or draw-down conditions, wetlands may not hold enough water to provide 
habitat for many marsh species. For example, a 1968 drought in Dewey's Pasture in Clay 
County (Weller 1979) and a 1971 drawdown of Rush Lake in Palo Alto County (Weller and 
Fredrickson 1974), both in northwestern Iowa, resulted in the elimination of breeding marsh 
species such as Pied-billed Grebe, American Bittern, Least Bittern, Virginia Rail, Sora, 
American Coot, and Yellow-headed Blackbird, as well as most waterfowl species. I had 
similar results in this study, with those same species breeding in fewer sites in 2000 than in 
1999 (Table 3). 
Weller and Spatcher (1965) and Murkin et al. (1997) suggested that nest-site selection 
by Yellow-headed Blackbirds was influenced by the presence of robust emergent vegetation, 
such as cattails and bulrush, in deeply flooded areas. Therefore, it is not surprising that 
Yellow-headed Blackbirds were found breeding at fewer sites in 2000, as most wetlands did 
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not contain a waterlogged emergent zone early in the breeding season (Table 6) and those 
that did were shallower and had a less extensive emergent zone compared to 1999 (Tables 8 
and 9). Although the percentage of robust emergent vegetation was less in 1999 than in 2000 
(Tables 8 and 9), I do not think that the percentage in 1999 (64.1 %) was low enough to 
adversely affect Yellow-headed Blackbird nesting. I was surprised that natural and old 
restored wetlands did not show differences in densities of Yellow-headed Blackbirds 
between years since there was little suitable habitat available in 2000. More surprising, 
however, was the fact that young restored wetlands had greater Yellow-headed Blackbird 
density in 2000, a dry year, than in 1999. Since so few wetlands held a water-logged 
emergent zone in 2000, Yellow-headed Blackbirds may have crowded onto wetlands with at 
least some suitable habitat, including young restored wetlands, causing the density to be 
greater in these wetlands than in 1999, when Yellow-headed Blackbirds could be more 
discriminatory in their nest site selection. Red-winged Blackbirds showed no adverse affects 
from the drought. They nested at a1124 study sites in both 1999 and 2000 (Table 3). This too 
is not surprising since Red-winged Blackbirds are flexible in their habitat requirements and 
often nest in shallow marsh edges or in the surrounding uplands, areas little affected by water 
level fluctuations (Weller and Spatcher 1965, Murkin et al. 1997). 
American Coots and Pied-billed Grebes prefer pools of open water interspersed with 
clumps of emergent vegetation (Weller and Fredrickson 1974). The scarcity of breeding 
American Coots in a drought year (Table 3) was therefore not surprising, while those that 
were found were usually non-breeding flocks (personal observation). Another striking 
difference in the composition of bird communities between 1999 and 2000 was the 
occurrence of the four secretive species. The American Bittern, Sora, and Virginia Rail were 
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found breeding in more sites in 1999 than in 2000 (Table 3). Although these species do not 
nest in the deepest parts of the emergent zone, they still prefer waterlogged areas for breeding 
(Weller and Fredrickson 1974). Least Bitterns, however, were found breeding in two 
wetlands in both years (Table 3). Least Bitterns usually nest in the deeper emergent zones 
and have been shown to be adversely affected by low water conditions (Weller and Spatcher 
1965, Weller and Fredrickson 1974, Weller 1979). Although 2000 was a dry spring, rain 
started to fall by late May and many basins started to fill with water. Since Least Bitterns do 
not initiate breeding until late May/early June, there must have been enough suitable 
breeding habitat available to them at a few wetlands in 2000 despite the earlier drought 
conditions. 
Song Sparrows, Common Grackles, and Killdeer were found nesting in more 
wetlands in 2000 than in 1999 (Table 3). Song Sparrows and Common Grackles are wet 
meadow and upland species and may have taken advantage ofthe greater percentage of wet 
meadow and robust wet meadow vegetation available to them in 2000 (Table 7). Killdeer 
forage on mudflats, and most likely increased in response to the availability of mudflats that 
occurred during the dry spring of 2000 (Table 7). 
It was surprising to find Mallards nesting in all 24 study sites in 2000 (Table 3), as 
other studies have shown Mallard nesting to be adversely affected during drought conditions 
(Weller 1979, Jackson et al. 1985, Krapu et al. 1983). The number of sites in which Blue-
winged Teal were found breeding in 2000, however, decreased to halfthat of 1999. Weller 
(1979) also found fewer breeding pairs in drought years. Blue-winged Teals reach peak 
clutch initiation in late May, at which time water levels had risen in 2000. The effects of 
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drought earlier in the spring, however, may have been detrimental enough, in terms of a 
diminished food source, to suppress teals from even initiating clutches later in the season. 
The prairie potholes serve as an important stopover for many species of shorebirds, 
providing energy resources vital to these species in completing spring and fall migrations (De 
Leon and Smith 1999, Skagen and Knopf 1992, 1994). In fact, many managed wetlands are 
drawn down prior to or during spring migration, exposing mudflats and shallow water areas 
(Hands et al. 1991). Mudflats provide shorebirds with seeds, tubers, and invertebrates (De 
Leon and Smith 1999). The spring drought in 2000 probably simulated drawdown conditions 
of managed wetlands by exposing mudflats. In 2000, 16 out of the 24 study sites had an 
exposed mudflat (Table 6) and the percentage area of mudflat was much greater in 2000 than 
in 1999 (Table 7). It is not surprising, then, that more shorebird species were present in 2000 
than in 1999 and were found at more sites (Tables 2 and 12). Skagen and Knopf (1992, 
1994) similarly found that shorebirds will use wetlands opportunistically, occupying mudflat 
zones as they become available. They found a significant relationship between shorebird 
species richness and the area of wet mud/shallow water habitat. In this study, only three 
wetlands contained an exposed mudflat in 1999, a year of average to above-average spring 
rainfall (Table 8). Only two shorebird species were found that year, and they were limited to 
just a few sites (Tables 2 and 12). 
The Role of Habitat Variables 
Several studies looking at bird use of restored wetlands in Iowa have alluded to the 
importance of vegetation characteristics in determining the make-up of marsh-bird 
communities (Delphey and Dinsmore 1993, Hemesath and Dinsmore 1993, VanRees-Siewert 
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and Dinsmore 1996, Schuster 1998). In this study, I found both total and breeding species 
richness, as well as bird densities, correlated with several habitat variables (Table 10). 
Breeding bird richness and bird density were positively correlated with the percentage 
of wetland that was vegetated. As mentioned before, several studies have found that, to a 
point, as the ratio of cover to open water increases, the availability of nesting habitat for 
marsh birds increases (e.g., Weller and Spatcher 1965, Weller and Fredrickson 1974, Murkin 
et al. 1997). Breeding bird richness and bird density were also positively correlated with the 
depth of the emergent zone, supporting the claim that most species breeding in wetlands 
either use the deep emergent zone or are influenced by it (Weller and Spatcher 1965). 
Yellow-headed Blackbird density was correlated with the depth of the emergent zone and 
with the percentage of robust emergent vegetation in both years, and with the percentage of 
emergent zone in 2000, supporting Weller and Spatcher's (1965) and Murkin et al.'s (1997) 
claim that nest site selection in this species is positively influenced by the presence of a 
deeply floodly emergent zone. As mentioned before, Red-winged Blackbirds typically nest 
on the wetland periphery, usually in the wet meadow zone or into the upland. In 1999 and 
2000, the density of Red-winged Blackbirds was correlated with both the percentage of wet 
meadow and the number of dominant plant species in the wet meadow zone, suggesting that 
they too might be limited by wetland vegetation. It was also not surprising that breeding 
richness and bird density were negatively correlated with the percent mudflat. Aside from 
shorebirds, mudflats offer little nesting or feeding habitat for most marsh birds. 
Although I limited the area of my study sites to wetlands between 0.9 and 3.1 ha, area 
still played an important role in predicting total and breeding species richness and bird 
density. The increase in bird diversity with wetland area is one of the most widely 
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documented findings of studies on wetland restorations (Brown and Dinsmore 1986, 
Hemesath and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996, Fairbairn and 
Dinsmore 2001). Similarly, some wetland species, including the Mallard, Swamp Sparrow, 
Least Bittern, American Coot, Pied-billed Grebe, and Marsh Wren, have been suggested to 
be area-sensitive (Brown and Dinsmore 1986). Larger wetlands may offer birds a greater 
diversity of breeding habitats and a larger, more reliable food source. 
Management Conclusions 
The loss of wetlands and surrounding uplands in Iowa's Prairie Pothole Region has 
had several negative effects on wetland bird species (Weller 1979, Dinsmore 1998). One of 
the primary goals of wetland restoration is to provide breeding habitat for a variety of marsh 
birds, including many non-game species. Previous studies have shown that some wetland 
species have not colonized restored wetlands in the first few years after restoration 
(LaGrange and Dinsmore 1989, VanRees-Siewert 1993, Schuster 1998), thus making longer-
term studies on wetland restorations necessary. 
This study found a greater breeding species richness in old restored wetlands than 
earlier studies that examined bird use of northwestern Iowa wetlands up to five years post-
restoration (Hemesath and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996). Similarly, 
this study found a significant trend of increasing breeding species richness with restoration 
age, at least in years of normal water levels. This suggests that, with time, restorations do 
become more diverse. However, even wetlands 8-12 years post-restoration had fewer 
breeding species than natural wetlands of similar size, suggesting 10-12 years may not be 
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long enough for restorations to attract the full range of bird species found on natural 
wetlands. This emphasizes the need for wetland purchases or long-term wetland easements. 
Several bird species found in natural wetlands were seldom found in restored 
wetlands. These included American and Least bitterns, both species of special concern in 
Iowa. When secretive species were taken out of the analysis, differences in breeding species 
richness no longer existed between natural and old restored wetlands, at least in a year of 
normal water levels. In order to preserve and even increase their populations, as well as to 
increase the overall bird diversity of restored wetlands, managers need to focus on the habitat 
features natural wetlands offer these typically secretive species that restored wetlands do not. 
My study, as well as previous studies, showed that several habitat features are correlated with 
bird use of wetlands. Some of these features, such as the percentage of wet meadow 
vegetation, differ between natural and restored wetlands. Most restoration projects rely on 
natural revegetation. I suggest that management intervention early in the restoration cycle, 
such as active planting of certain vegetation species, is needed in order to establish all 
wetland zones and the full range of vegetative diversity within these zones. 
Finally, both breeding diversity and species composition were negatively affected by 
a dry spring in 2000. Few species bred in wetlands with little to no standing water. 
Restoring a diversity of wetland types (permanent, semi-permanent, seasonal, and temporary) 
in clusters or complexes increases the probability that at least a few wetlands would hold 
water in a dry year, and therefore offer some suitable breeding habitat for marsh birds. 
Additionally, the presence of temporary wetlands in an area might provide shorebirds with a 
food source during their spring and fall migrations. Since a bird community in an area is no 
more diverse than the available habitat, I suggest that, when possible, large tracts of land 
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should be purchased and wetland complexes restored in order to provide a greater number of 
habitats to a plethora of wetland birds. 
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Table 1. Descriptions ofthe habitat variables that were measured to evaluate bird used of 
wetlands in the Prairie Pothole Region oflowa in 1999 and 2000. 




% Open Water 
% Vegetated 
% Emergent 




Depth of emergent zone 
% Robust emergent 
vegetation 
Dominant wet meadow 
vegetation 
% Robust wet meadow 
vegetation 
total area of wetland (ha) 
perimeter of wetland (m) 
perimeter to area ratio (m/ha) 
percentage of marsh that is open water 
percentage of marsh that is covered with wetland vegetation 
percentage of marsh that is emergent zone 
percentage of marsh that is wet meadow zone 
percentage of marsh that is mudflat zone 
number of vegetation species comprising ~ 10% of the 
emergent zone 
categorical variable: 1 = 0-20 cm; 2 = 21-40 cm; 3 = 41-60 cm; 
4=>61 cm; 
percentage of emergent zone that is robust vegetation (cattails 
and bulrush) 
number of vegetation species comprising ~ 10% of the wet 
meadow meadow zone 
percentage of wet meadow zone that is robust vegetation 
(cattails and bulrush) 
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Table 2. Total number of bird species found in three categories of wetlands (natural, old 
restored, and young restored) in northwestern Iowa, 1999 and 2000. 
Total Species Breeding Species 
Wetland Category Wetland Category 
Group Natural Old Young Natural Old Young 
Waterfowl 
1999 7 9 10 4 4 4 
2000 8 10 7 5 5 5 
--.---..... ----.-.. -.----.-~----.--.-.--.-----.----------_. 
Bitterns and Herons 
1999 3 3 3 2 0 0 
2000 4 2 4 2 1 1 
Grebes and Coot 
1999 2 2 2 2 2 2 
2000 2 2 2 2 0 1 
.-.-----
Rails 
1999 2 2 2 2 1 2 
2000 2 2 1 1 0 0 
Shorebirds 
1999 1 1 2 0 0 0 
2000 5 8 7 1 1 1 
Gulls and Terns 
1999 3 2 2 0 0 0 
2000 3 3 4 0 0 0 
Songbirds 
1999 17 16 15 9 8 8 
2000 21 17 18 10 8 8 
Totals 
1999 35 35 36 19 15 16 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7. Mean values of habitat variables on 24 wetlands in northwestern Iowa, 1999 and 
2000. 
Year 
Habitat variable 1999 2000 p-value 
Wetland area (ha) 1.64 ± 0.12 1.68 ± 0.12 0.83 
Wetland perimeter (m) 529.2 ± 22.1 519.1 ± 20.5 0.74 
Edge index 338.8 ± 13.2 328.3 ± 12.0 0.56 
% Open Water 42.4 ± 3.9 43.8 ± 3.7 0.79 
% Vegetated 57.0 ± 4.0 50.0 ± 4.4 0.24 
% Emergent 40.3 ± 2.6 7.8 ± 1.8 < 0.01 
% Wet Meadow 16.7±3.1 42.1 ± 3.5 < 0.01 
% Mudflat 0.8 ±0.5 6.2 ± 1.4 < 0.01 
Number of dominant 
emergent species 3.0± 0.2 2.1 ± 0.3 0.01 
Number of dominant 
wet meadow species 2.9 ± 0.2 2.8 ± 0.3 0.58 
Depth of Emergent 
zone 3.2± 0.2 1.5±0.1 <0.01 
Proportion of robust 
emergent vegetation 64.1 ± 6.4 90.0 ± 4.2 <0.01 
Proportion of robust 
wet meadow vegetation 17.4±5.4 51.6 ± 7.3 <0.01 
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Table 8. Mean values of habitat variables in three categories of northwest em Iowa wetlands, 
1999. 
Wetland Category 
Habitat variable Natural Old Restored Young Restored 
Area (ha) 1.92 ± 0.20 Aa 1.46 ± 0.29 A 1.55 ± 0.24 A 
Perimeter (m) 548.9 ± 28.9 A 547.3 ± 41.6 A 491.4 ± 44.0 A 
Edge index 296.0 ± 13.2 A 384.8 ± 22.8 B 335.8 ± 20.9 A 
Percent open water 24.2 ± 4.2 A 49.0 ± 6.8 B 54.0 ± 3.9 B 
Percent vegetated 75.7 ±4.3 A 51.9 ± 6.3 B 43.5 ± 4.5 B 
Percent emergent zone 40.7 ± 3.0 A 37.1 ± 5.8 A 43.2 ± 4.6 A 
Percent wet meadow 35.0 ± 2.2 A 14.7 ± 1.6 B 0.4 ± 0.4 C 
Percent mudflatb 
Number of dominant 
emergent species 3.6 ± 0.4 A 2.6 ± 0.2 B 2.8 ± 0.4 B 
% Robust emergent 63.8 ± 10.7 A,B 81.1 ± 4.4 A 47.4 ± 14.0 B 
vegetation 
Depth of emergent zone 3.5 ± 0.2 A 3.4 ± 0.3 A 2.8 ±0.4 A 
Number of dominant 
wet meadow species 3.4 ± 0.4 A 2.4 ± 0.3 B 4.0 A,B 
% Robust wet meadow 14.4 ± 7.6 A 20.0 ± 9.03 A 20.0 A 
vegetation 
a means with different letter in row indicate a difference at p ~ 0.10. 
~ecause ofthe small sample size of wetlands with a mudflat in 1999, no analysis was 
attempted for percent mudflat category. 
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Table 9. Mean values of habitat variables in three categories of northwest em Iowa 
wetlands, 2000. 
Wetland Category 
Habitat variable Natural Old Restored Young Restored 
Area (ha) 1.59 ± 0.13 A3 1.83 ± 0.28 A 1.61 ± 0.23 A 
Perimeter (m) 509.0 ± 20.2 A 553.8 ± 48.4 A 494.3 ± 33.4 A 
Edge index 326.5 ± 11.6 A 327.6 ± 25.4 A 330.9 ± 25.2 A 
Percent open water 34.6 ± 4.0 A 42.0 ± 6.0 A,B 54.9 ± 7.1 B 
Percent vegetated 63.8 ± 4.2 A 50.5 ± 6.8 A,B 35.6 ± 8.5 B 
Percent emergent zone 9.7±2.5A 6.9 ± 3.8 A 6.9±3.1 A 
Percent wet meadow 54.2 ± 3.4 A 43.5 ± 4.2 A 28.7 ± 6.9 B 
Percent mudflat 1.4±1.1A 7.7±2.8B 9.5±2.2B 
Number of dominant 
emergent species 2.4 ± 0.4 A 2.7±0.3A 1.0 B 
% Robust emergent 84.0± 6.9 A 90.7± 9.3 A 100.0 A 
vegetation 
Depth of emergent zone 1.9 ± 0.2 A 1.5 ± 0.3 A,B 1.3 ± 0.2 B 
Number of dominant 
wet meadow species 3.9 ± 0.3 A 2.8 ± 0.2 B 1.6 ± 0.2 C 
% Robust wet meadow 39.4 ± 7.3 A 72.9 ± 9.0 B 42.5 ± 17.2 A 
vegetation 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 12. Shorebird species found in northwestern Iowa wetlands and the number of 
wetlands on which each species was found, 1999 and 2000. 
Number of wetlands 
Species 1999 2000 
Killdeer Charadrius vociferous Linnaeus 16 21 
Greater Yellowlegs Tringa melanoleuca Gmelin 0 3 
Lesser Yellow legs Tringa jlavipes Gmelin 0 3 
Solitary Sandpiper Tringa solita ria Wilson 0 1 
Spotted Sandpiper Actitis macularia Linnaeus 0 1 
Hudsonian Godwit Limosa haemastica Linnaeus 0 2 
Semipalmated Sandpiper Calidris pusilla Linnaeus 1 1 
Least Sandpiper Calidris minutilla Vieillot 0 2 
White-rumped Sandpiper Calidris fuscicollis Vieillot 0 2 
Pectoral Sandpiper Calidris melanotos Vieillot 0 5 
Dunlin Calidris alpina Linnaeus 0 1 
Wilson's Phalarope Phalaropus tricolor Vieillot 0 1 
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CHAPTER 3. WITHIN-WETLAND AND LANDSCAPE FACTORS ASSOCIATED 
WITH WETLAND BIRD COMMUNITIES IN THE PRAIRIE POTHOLE 
REGION OF NORTHWESTERN IOWA 
A paper to be submitted to Wetlands 
Rachel E. Dault 
Abstract: Five bird species richness estimates, and occurrences and densities of wetland 
bird species were measured in 24 wetlands in both 1999 and 2000 and then related to within-
wetland and landscape-level variables. Wetland area, wetland category, and the depth of the 
emergent zone were the most important predictors of species richness estimates at the within-
wetland level. The percentage of emergent zone, the percentage of robust emergent 
vegetation, and the depth ofthe emergent zone were each associated with occurrences of five 
species, whereas the number of dominant vegetation species, the percentage of wet meadow 
zone, and wetland category were associated with the occurrences of four species. The 
percentage of robust emergent vegetation, wetland category, and the number of dominant 
vegetation species were important predictors of total and individual species densities. At the 
landscape level, the number of marshes within 1500m of each site was associated with four 
of the five estimates of species richness, total density, and the occurrences of six species. The 
area of semi-permanent wetland within 1500m of each site predicted breeding species 
richness, non-waterfowl breeding species richness, and the occurrences of six species. The 
distance to the nearest road was positively associated with three estimates of species richness 
and the occurrences of five species. The distance to the nearest marsh, the total length of 
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roads within 1500m of each site, and the area of seasonal wetlands within 1500m of each site 
each predicted the densities of two species. This study indicates that local bird diversity and 
the presence and abundance of individual species are influenced by factors beyond just those 
at the nest site. Restoration efforts, then, should focus not only on the establishment of 
vegetation characteristics within each basin, but should also focus on restoration on tracts of 
land containing several wetland basins, preferably within a matrix containing additional 
wetlands. 
Key Words: wetlands, wetland birds, wetland restoration, restoration ecology, non-game, 
waterfowl, wetland management, Prairie Pothole Region, Iowa 
Iowa's wetlands have been drained extensively since the late 1800s and those that 
remain have become increasingly fragmented (Dahl 1990, Bishop et al. 1998). In the past 
two decades, however, several federal, state, and local programs have been initiated with the 
goal of preserving remaining wetlands and restoring drained basins to their original 
conditions. For example, the Prairie Pothole Joint Venture of the North American Waterfowl 
Management Plan has restored more than 900 basins on public land and 700 basins on 
private land in Iowa since 1988 (Zohrer 2000). Similarly, more than 11,000 ha of natural 
wetlands were placed under protection between 1987 and 1996 (Bishop et al. 1998). 
Among their many functions, wetlands provide important habitat for many wildlife 
species. For example, the Prairie Pothole Region of the Midwest and southern Canada serves 
as a major breeding ground and migratory stopover for numerous waterfowl, marsh birds, 
and songbirds (Mitsch and Gosselink 1993). When deciding where to restore basins and how 
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to best manage existing marshes, it is important for managers to know what factors are 
important in attracting various bird species to these wetlands. In the past few years, several 
studies have modeled bird use of wetlands in the Prairie Pothole Region at both the within-
wetland and landscape scale (Naugle 1997, Naugle et al. 1997, Naugle et al. 1999a, b, 
Naugle et al. 2000, Fairbairn and Dinsmore 2001a, b). 
An increase in species richness and abundance with wetland area is one of the best 
documented relationships regarding bird communities of marshes (Brown and Dinsmore 
1986, Hemesath and Dinsmore 1993, Niesar and Hubbard 1997, Naugle 1997). Bird use of 
wetlands, however, is also influenced by several factors associated with wetland vegetation 
(e.g., Weller and Spatcher 1965, Weller and Fredrickson 1974). Research in Iowa has shown 
that bird species richness and individual species densities are positively related to the 
proportion of emergent vegetation in a wetland (VanRees-Siewart and Dinsmore 1996, 
Fairbairn and Dinsmore 2001a). Several species may be influenced by the structure of the 
emergent vegetation. For example, the presence and proportion of thick-stemmed emergent 
hydrophytes helps explain the presence of Marsh Wrens, Common Yellowthroats, American 
Coots, Virginia Rails, Pied-billed Grebes, and Yellow-headed Blackbirds in South Dakota 
wetlands (Naugle 1997, Naugle et al. 1999b, Naugle et al. 2000) (see Table 1 for scientific 
names). 
Birds may use general features of the landscape to determine whether to further 
investigate a potential breeding site (Orians and Wittenberger 1991). Recent studies of marsh 
bird communities in the Prairie Pothole Region indicate that landscape factors may indeed 
influence local avian diversity. For example, dabbling duck species richness and the 
occurrence of Canada Geese in South Dakota's wetlands are associated with the area of semi-
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pennanent wetlands in the surrounding landscape (Naugle et al. 1997, Naugle et al. 1999a). 
Fairbairn and Dinsmore (2001b) found that the amount of wetland habitat in the surrounding 
landscape predicted both species richness and densities of several bird species in Iowa. 
However, Fairbairn and Dinsmore (2001a,b) examined only wetland complexes. 
While wetland restoration involving groups of wetlands is desirable, it is not always feasible, 
and many wetlands are isolated, surrounded mostly by cropland. Furthennore, these 
wetlands are usually small. In the northern Great Plains, only 7% of seasonal wetlands are 
greater than five hectares and only 29% of semi-penn anent wetlands are greater than ten 
hectares (Naugle 1997). Although larger wetlands typically contain more species (Brown and 
Dinsmore 1986), small wetlands are still important and playa critical role in maintaining 
regional community dynamics and conserving biodiversity (Semlitsch and Bodie 1998). In a 
simulation model, Gibbs (1993) found that several taxa of vertebrates, including birds and 
mammals, faced a significant risk of extinction after the loss of small wetlands. These 
wetlands probably serve as sources of potential colonists to other wetlands in the area that 
have experienced chance extinction and reduce inter-wetland distances, thereby increasing 
the chance of successful dispersal. Naugle et al. (2000) found that the loss of small wetlands 
decreased the habitat suitability of larger nearby wetlands, especially for vagile species that 
exploit resources over a broad spatial scale. 
There is a need to detennine the factors, both within the wetland and in the 
surrounding landscape, that are associated with bird use of these small, and often isolated, 
wetlands in the Prairie Pothole Region. The objective of this paper is to relate species 
richness estimates and the occurrences and densities of certain bird species in smaller, 
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individual wetlands in northwestern Iowa to factors at both the within-wetland and landscape 
level. 
Study Sites 
Study sites were located in Clay, Dickinson, Emmet, Kossuth, and Palo Alto counties 
of northwestern and north-central Iowa in 1999, and in Clay, Dickinson, Emmet, Kossuth, 
Palo Alto, and Hancock counties in 2000. Wetlands were placed into one of three categories 
based upon their drainage history. Natural wetlands were those with no prior history of 
drainage. Old restored wetlands were those between eight and twelve years post-restoration. 
Young restored wetlands were those between four and six years post-restoration. All 
restored wetlands were previously tile drained and fanned for at least 20 years prior to 
restoration. 
Bird use was monitored on 24 seasonal or semi-permanent wetlands in both years, 
eight in each wetland category. All wetlands were from 0.9 to 3.1 hectares (Appendices A, 
B). Because ofa mild winter and dry early spring in 2000, 13 wetlands used in 1999 held 
little or no water and were not used in 2000, whereas 11 of the sites were used in both years. 
(Appendices A, B). Wetlands ranged from 0.9 ha to 3.1 ha (Appendices A, B). To minimize 
the effects that different landuse practices in the upland might have on bird communities at 
each site, only those wetlands in which at least 70% of the perimeter was surrounded by a 
100-m-wide band of untilled upland were selected. In general, similar land management 
practices were employed on all sites with upland cover dominated by smooth brome (Bromus 




Data were collected from 17 May until 6 July in 1999, and 15 May until 2 July in 
2000. Bird surveys were conducted at each wetland four times per field season between 
sunrise and 10 a.m., when bird activity was highest, rotating the order that wetlands were 
visited to reduce the risk of time-of-day bias (Skirvin 1981). Estimates were not made during 
rain or high winds (Robbins 1981). 
I established three observation points in each basin. The first station was placed 
along a random compass bearing, and the other two were evenly spaced from the first point 
around the wetland, maximizing coverage ofthe entire wetland and avoiding overlap among 
stations. Each station was placed in the middle of the emergent vegetation zone, or at the 
water's edge ifno emergent vegetation zone was present. All birds seen or heard within a 20-
m radius of each station during an eight-minute observation period were counted. Schuster 
(1998) recently found that eight-minute point estimates were adequate to determine the 
community make-up of marsh birds. During the fourth and fifth minutes of the bird 
estimates, tape-recorded calls of the Sora, Virginia Rail, American Bittern, and Least Bittern 
were played to try to elicit responses from these normally secretive species (Marion et al. 
1981, Gibbs and Melvin 1997). Prior to entering the wetland, I scanned each basin and 
counted any waterfowl species that were present. Birds detected as I entered each basin and 
as I moved between count stations were also noted and added to the species richness list but 
not included in the density estimates. 
Two measures of species richness were made: total species richness and breeding 
species richness. Total species richness was determined by totaling the number of different 
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species found using the wetland during the four visits to each site. Breeding species richness 
included all species determined to be breeding at each site. A species was considered to be 
breeding at a particular wetland if an active nest was found, flightless young were seen, or if 
adults were present on three of four visits. During the second and third visits to each site, I 
searched the emergent zone and a 30m band of the surrounding upland by foot in a zig-zag 
manner, scanning the vegetation for nests and flushing birds. I assessed bird density by 
counting the number of birds within 20m of each count station, and later converting those 
data to number per hectare. 
Habitat Variables 
In April and early May of each year, I visited each site and noted the presence or 
absence of various wetland zones (wet meadow, mudflat, emergent, and open water), as 
outlined by Stewart and Kantrud (1971). The presence of an emergent zone was based on 
whether or not the site contained a waterlogged vegetated zone. Although emergent 
vegetation may have appeared later in the summer in these wetlands, a site was considered to 
have an emergent zone in the spring if a vegetated area contained at least 20cm of standing 
water. I also measured the width of each wetland zone at 15- to 20-m intervals or where 
changes in width occurred. The depth of water at the open water/emergent zone interface was 
estimated using four depth classes: 1) 0-20 cm; 2) 21-40 cm; 3) 41-60 cm; 4) > 60cm. All 
other vegetation work was done between 1 and 10 July in 1999, and between 25 June and 3 
July in 2000. At that time, I visually estimated the percent coverage of plant species in the 
emergent and wet meadow zones, and recorded any plant species covering;::: 10% of a 
particular zone. Within the emergent and wet meadow zones, I grouped species into robust-
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and weak-stemmed categories based on Weller and Spatcher (1965) and Kantrud et al. 
(1989). 
Farm compliance slides for each wetland were obtained from the Farm Service 
Agency office in each county. These slides are typically taken in late July and early August 
of each year. Slides were first georeferenced in GeoTransformer3 using both the road and 
wetland (National Wetlands Inventory-NWI) coverages from Natural Resources GIS 
(NRGIS) data as reference points. The georeferenced slides were brought into Arc View 
(Environmental Systems Research Institute, Redlands, CA), and maps of each site were 
digitized directly from the aerial slide. ArcView was used to calculate area (AREA) and 
perimeter (PERIM) of each site, the area of the various wetland zones within each wetland, 
and the percentage of the wetland that each zone covered (See Table 2). An edge index 
(EDGE) at each site, also obtained from ArcView, was calculated as the perimeter-to-area 
ratio (m/ha). As the shape of the wetland deviates from a circle, the value of EDGE 
mcreases. 
A habitat diversity index (HABDIV) was calculated for each site using the following 
formula: - L Pi. (In Pi), where Pi is the proportion of wetland that consists of habitat i 
(emergent zone, wet meadow zone, open water zone, or mudflat zone). This is a 
modification of the Shannon-Wiener index and serves as a measure of the evenness of the 
distribution of wetland habitats within a particular site (Magurran 1984). 
Landscape Variables 
I overlayed the digitized study sites with the NWI coverage from NRGIS. Using 
ArcView, I created a 1500m-wide buffer around the center of each wetland site and 
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summarized the area of different types of wetlands, the total area of wetland within the 
buffer, and the total number of wetlands within the buffer. I also measured the distance (m) 
from each study site to the next nearest wetland. I overlayed the digitized study sites with the 
roads coverage from NRGIS and summarized the total length of roads within the 1500m 
buffer and the distance (m) of each study site to the nearest road. 
Analysis 
Spring conditions varied between years, and 13 of the study sites used in 1999 were 
not used again in 2000. Wetlands differed in bird species composition and several habitat 
characteristics between 1999 and 2000 (see Chapter 2). Further, a t-test using only the 11 
study sites surveyed in both years showed a marginally significant difference in breeding 
species richness between years (F = 3.0, df= 1, 11, P = 0.10). Therefore, I considered each 
site to be an independent unit and combined the data from both years. Seventeen within-
wetland variables were measured (Table 2). Within-wetland variables that were highly 
correlated (r ~ 0.5) with others were removed before performing analyses to minimize 
problems associated with multicollinearity. This reduced the set of within-wetland variables 
included in the analyses to nine (Table 2). Similarly, nine landscape variables were 
measured (Table 3). No landscape variables were found to be highly correlated, and 
therefore all nine landscape variables were included in the analyses. 
Both within-wetland and landscape models were generated for five different estimates 
of species richness (Table 4), and log-transformed total and individual species densities. The 
set of all possible models was generated using the RSQUARE option in PROC REG of SAS, 
and the best overall model was selected based on Akaike's information criterion (AIC) (SAS 
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Institute 1990). The selected model was then used in a stepwise multiple linear regression, 
where the order that each variable entered the model, the coefficients of each variable, the p-
value, and final R2 ofthe model were determined. Variables entered the model and stayed 
after each addition step if they met the model selection criteria (p ~ 0.15). 
Multiple stepwise logistic regressions (PROC LOGISTIC) were used to determine 
which variables were the most important predictors of individual species occurrences. 
Analyses were performed only on those species that were considered breeding. Models were 
run only for species that nested in at least four wetlands and no more than 44 wetland sites so 
that data were available for some wetlands in which a species occurred and others where it 
did not (Table 1). The same set of variables that was used in the multiple regression models 
discussed above was used in the logistic regression models. Each variable entered the model 
if it added significantly to the probability of occurrence of a species as determined from 
Wald's chi-square statistic (p ~ 0.10) (Cody and Smith 1997). 
The same procedure that was used to generate species richness models was used to 
create density models. Density models were created for five species, the Red-winged 
Blackbird, Yellow-headed Blackbird, Marsh Wren, Swamp Sparrow, and Common 
Yellowthroat, as well as for total density. I limited my analyses to these five because they 
occurred in greater densities (i.e., more than one pair) in wetlands than other marsh species, 
such as American Bitterns and Pied-billed Grebes. A density model for each species was 
generated using only those wetlands in which that species occurred. Therefore, I wanted to 
determine the factors that not only predicted their presence in wetlands but also their 
densities in the wetlands in which they occurred. 
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Results 
Species Richness Models 
A total of63 species were detected on wetlands, 43 in 1999 and 58 in 2000. Of these, 
26 nested, 21 in 1999 and 23 in 2000 (Table 1). A total of 14 waterfowl species were found 
using the wetlands, 12 in 1999 and 12 in 2000. 
Within-wetland Models 
Area, wetland category, and depth of the emergent zone were the most frequently 
selected variables in the within-wetland models predicting species richness (Table 5). Total 
species richness, breeding species richness, and shorebird species richness were positively 
associated with wetland area. Total species richness, breeding species richness, and non-
waterfowl breeding species richness were positively associated with wetland category (i.e., 
more likely to be found in natural wetlands than old restored wetlands, and more old restored 
wetlands than young restored wetlands). Breeding species richness and non-waterfowl 
breeding species richness were positively associated with the depth of the emergent zone, 
whereas shorebird species richness was negatively associated with the depth ofthe emergent 
zone. The percentage of mudflat (MUD) was the next most commonly selected variable, 
positively associated with shorebird species richness and negatively associated with 
waterfowl species richness. Five other within-wetland variables appeared in one of the 
species richness models. 
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Landscape Models 
At the landscape level, the number of marshes within 1500m of each study site was 
the most frequently selected variable, being associated with four of the five species richness 
models (Table 6). Total species richness, breeding species richness, and non-waterfowl 
breeding species richness were all positively related to MARSHNUM, whereas shorebird 
species richness was negatively related to the number of marshes within the 1500m buffer. 
The distance to the nearest road (DISTRD) was included in three ofthe five species 
richness models. Shorebird species richness was negatively associated to DISTRD, whereas 
non-waterfowl breeding species richness and waterfowl species richness were positively 
associated to it. Breeding species richness and non-waterfowl breeding species richness were 
both positively associated with the area of semi-permanent wetlands within the 1500m 
buffer. Shorebird species richness was positively associated with the area of seasonal 
wetlands within 1500m of each study site (SEASONAL) and negatively associated with the 
distance to the nearest marsh (DISTMARSH). 
Species Occurrence Models 
Within-wetland Models 
A total of 26 species nested in wetlands during the study; 21 in 1999 and 23 in 2000 
(Table 1). For seven species, no models were generated due to the limited number of marshes 
in which that species was found. For three species, no models were generated because that 
species was either found on all (two species) or nearly all wetland sites (one species). For the 
Wood Duck, no variables were selected for inclusion in a model. Altogether, a within-
wetland model was generated for the occurrences of 15 species (Table 7). 
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The percentage of emergent zone (EM), the percentage of robust emergent vegetation 
(EMROBUST), and the depth of the emergent zone (EMDEPTH) were the most frequently 
selected variables at the within-wetland level, each being associated with the occurrence of 
five wetland species (Table 7). The occurrences of Least Bittern, Sora, Virginia Rail, and 
Common Grackle were positively associated with the percentage of emergent. The 
occurrences of Least Bittern, Swamp Sparrow, and Yellow-headed Blackbird were positively 
associated with percentage of robust emergent vegetation, whereas the occurrences of Sora 
and Sedge Wren were negatively associated with percentage robust emergent vegetation. The 
occurrences of Pied-billed Grebe, American Bittern, Sora, American Coot, and Yellow-
headed Blackbird were positively associated with depth of the emergent zone. 
Three within-wetland variables were selected for 4 of the 15 species (Table 7). The 
occurrences of American Bittern, Sora, and Sedge Wren were positively associated with the 
number of dominant vegetation species (VEGNUM), whereas the occurrence of American 
Coot was negatively associated with VEGNUM. The occurrences of Least Bittern, Marsh 
Wren, and Song Sparrow were positively associated with percentage of the wet meadow zone 
(WM), whereas the occurrence of Blue-winged Teal was negatively associated with WM. 
The occurrences of Canada Goose, Blue-winged Teal, Virginia Rail, and Common Grackle 
were positively associated with wetland category. 
The occurrences ofthree species, Least Bittern, Canada Goose, and Marsh Wren, 
were positively associated with wetland area. The occurrence of Killdeer was positively 
associated with the percentage of mudflat zone, whereas the occurrence of the American 
Coot was negatively associated with the percentage of mudflat zone. Finally, one species, 
the Sedge Wren, was positively assoicated with the habitat diversity index (HABDIV). 
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Landscape Models 
A surrounding-landscape model was generated for the occurrences of 16 wetland bird 
species (Table 8). The number of marshes (MARSHNUM) within 1500m of each site and 
the area of semi-permanent wetlands (SEMI) within 1500m of each site were the most 
important predictors of species occurrences, each being selected for the occurrences of six 
species. Pied-billed Grebe, Blue-winged Teal, Sora, Virginia Rail, and Yellow-headed 
Blackbird were all positively associated with the MARSHNUM, whereas the occurrence of 
Killdeer was negatively associated by MARSHNUM. Pied-billed Grebe, Least Bittern, 
Canada Goose, Marsh Wren, and Common Grackle were all positively predicted by the area 
of surrounding semi-permanent wetlands, and the occurrence of Song Sparrows was 
negatively associated with SEMI. 
After MARSHNUM and SEMI, the distance to the nearest road (DISTRD) was next 
most frequently selected variable, being associated with the occurrences of five species. The 
occurrences of American Bittern, Wood Duck, American Coot, and Marsh Wren were 
positively associated with distance to the nearest road, whereas the occurrence of Killdeer 
was negatively associated with DISTRD. 
The occurrences of two species, American Bittern and Virginia Rail, were positivley 
associated with the total area of wetland habitat within 1500m of each wetland site 
(TOTAL), whereas the occurrence of Common Grackle was negatively associated with 
TOTAL. The occurrences of Sedge Wren and Swamp Sparrow were negatively associated 
with the area of seasonal wetlands within 1500m of each site (SEASONAL), whereas the 
occurrence of Sora was positively associated with SEASONAL. 
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The area of temporary wetlands within 1500m of each site (TEMP) and the distance 
to the nearest marsh (DISTMARSH) were associated with the occurrences of two species. 
The occurrence of American Coot was positively associated with TEMP, whereas the 
occurrence of Sora was negatively associated with TEMP. The occurrence of Yellow-headed 
Blackbirds was positively associated with DISTMARSH, whereas the occurrence of Killdeer 
was negatively associated DISTMARSH. Finally, one species, the Sedge Wren, was 
negatively associated with the total length of roads within 1500m of each site (RDLENGTH). 
Species Density Models 
Within-wetland Models 
The percentage of robust emergent vegetation was the most frequently selected 
variable, associated with four out ofthe six species densities (Table 9). Total density, 
Yellow-headed Blackbird density, and Swamp Sparrow density were all positively associated 
with EMROBUST, whereas the density of Red-winged Blackbirds was negatively associated 
with EMROBUST. 
Wetland category and the number of dominant vegetation species were the next most 
frequently selected variables, each associated with three densities. Total density, and the 
densities of Marsh Wrens and Swamp Sparrows were positively associated with 
CATEGORY. The densities of Red-winged Blackbirds and Common Yellowthroats were 
positively associated with the number of dominant vegetation species, whereas Yellow-
headed Blackbird density was negatively associated with the number of dominant vegetation 
speCIes. 
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Total density and Marsh Wren density were positively associated with AREA. Total 
density and Yellow-headed Blackbird density were also positively associated with the depth 
ofthe emergent zone. The density of Marsh Wrens was positively associated with the 
percentage of emergent zone, and Common Yellowthroat density was positively associated 
with the percentage of wet meadow zone. Finally, Common Yellowthroat density was 
negatively associated with habitat diversity index (HABDIV). 
Landscape Models 
The distance to the nearest marsh (DISTMARSH), the total length of roads within 
1500m of each site (RDLENGTH), and the area of seasonal wetlands within each buffer 
(SEASONAL) were each selected in two ofthe six models (Table 10). Yellow-headed 
Blackbird density was positively associated with both the distance to the nearest marsh and 
the total length of roads within each buffer, whereas the density of Red-winged Blackbirds 
was negatively associated with both variables. The densities of Swamp Sparrows and 
Common Yellowthroats were negatively associated with the area of seasonal wetlands within 
1500m. 
Total density was associated with the total number of marshes within 1500m of each 
study site. Yellow-headed Blackbird density was associated with the area of temporary 
wetlands within 1500m of each site, and the density of Marsh Wrens was positively 
associated with the area of semi-permanent wetlands within 1500m of each site. Finally, 





Although I limited my study sites to wetlands between 0.9 and 3.1 ha, area still 
played an important role in predicting several measures of species richness. Similarly, the 
occurrence of three species (Least Bittern, Canada Goose, and Marsh Wren), total density, 
and Marsh Wren density all increased with wetland area. Brown and Dinsmore (1986, 1991), 
Hemesath and Dinsmore (1993), and Fairbairn and Dinsmore (2001b) also reported that 
species richness and the occurrences and densities of several individual species are positively 
related to area in Iowa's wetlands. Although the wetlands I selected to work on varied little 
in area, this range may have spanned the minimum area requirements of some species. 
Brown and Dinsmore (1986) suggested that many marsh species, including all three species 
whose occurrences were associated with area in this study, might show area sensitivity. 
Large wetlands may offer species more of their preferred habitat or a greater diversity of 
habitats than smaller wetlands. In this study, wetland area was highly correlated with 
wetland perimeter. A larger perimeter would offer greater shoreline for species using the 
mudflat zone, and may explain the increase in shorebird species richness with wetland area 
(Table 5). 
Wetland category 
Wetland category was also an important predictor of total, breeding, and non-
waterfowl breeding species richnesses, total density, and the occurrences and densities of 
several individual species. Previous studies have found that natural wetlands typically have 
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greater species richness than restored wetlands (Chapter 2), and that species richness tends to 
increase with years since restoration (Hemesath and Dinsmore 1993, VanRees-Siewart and 
Dinsmore 1996, but see Chapter 2). A larger emergent zone would likely offer more 
available niches for a greater number of species than a smaller emergent zone. A larger 
emergent zone would also offer more preferred habitat of an emergent zone species, such as 
the Marsh Wren, and would thus be able to support a greater density of that species. 
In addition, while some species will colonize restored wetlands relatively rapidly, 
other species do not occupy restored wetlands until several years post-restoration or are 
rarely found on restored wetlands (Delphey and Dinsmore 1993, VanRees-Siewert and 
Dinsmore 1996, Schuster 1998, Chapter 2). One such example is the Least Bittern, whose 
occurrence in this study was also associated with wetland category. Natural wetlands 
typically have a more diverse vegetative community than restored wetlands (Galatowitsch 
and van der Valk 1996). This lack of vegetative diversity in restored wetlands may affect 
those species that use the thickly vegetated area of wetlands for nesting and cover, such as 
the Least Bittern. For other species, such as the Canada Goose, natural wetlands may be the 
traditional breeding sites for these relatively recently reintroduced species. 
Vegetation characteristics 
It has been suggested that the presence of a flooded emergent zone is the most 
important factor affecting breeding bird diversity of wetlands (Weller and Spatcher 1965). I 
also found that factors associated with the emergent zone were associated with bird use of 
Iowa's wetlands. The occurrence of some species (e.g., Least Bittern, Sora, and Virginia 
Rail) and the density of Marsh Wrens, all which are typically found nesting in the emergent 
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zone of wetlands, were associated with a greater percentage of emergent zone. Weller (1979) 
found the greatest species diversity in a wetland complex in Iowa when water levels were 
deepest. I too found that the depth of the emergent zone was associated with breeding and 
non-waterfowl breeding species richness and total density. Several species (Pied-billed 
Grebe, American Bittern, Sora, American Coot, and Yellow-headed Blackbird) were also 
more likely to be found in wetlands with a deeply flooded emergent zone. Previous studies 
have shown that these species were absent from wetlands in low water or drought conditions 
(Weller and Fredrickson 1974, Weller 1979). Shorebird species richness, on the other hand, 
was negatively associated with emergent zone depth; shallow wetlands and mudflats in the 
Prairie Pothole Region have been suggested to be critical stopovers for feeding and resting 
for these migratory species (De Leon and Smith 1999, Skagen and Knopf 1994). Least 
Bitterns and Yellow-headed Blackbirds are known to nest in cattails and bulrushes of the 
emergent zone (Weller and Spatcher 1965, Murkin et al. 1997), and therefore it was not 
surprising to find a positive association between EMROBUST and their occurrence. Total 
density and the densities of Yellow-headed Blackbirds and Swamp Sparrows also increased 
with increasing percentage of robust emergent vegetation. Obviously, when there is a greater 
availability of nest sites for these emergent-zone bird species, there is the potential for a 
greater density of individuals. 
I found that non-waterfowl breeding species richness, the occurrences of American 
Bittern, Sora, and Sedge Wren, and the densities of Red-winged Blackbird and Common 
Yellowthroat were positively associated with the number of dominant vegetation species. 
Species that nest and hide in wetland vegetation, such as American Bittern and Sora, might 
use the depauperate vegetative diversity of restored wetlands as a cue to the quality of 
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breeding habitat. Yellow-headed Blackbird density, on the other hand, was negatively 
associated with the number of dominant species. As mentioned before, Yellow-headed 
Blackbirds are robust vegetation specialists. A greater number of dominant plant species 
might reduce the proportion of their preferred nesting structures (cattails and bulrushes) at a 
particular wetland. 
Other factors associated with the vegetative communities outside of the emergent 
zone helped predict bird community composition. Most of these make intuitive sense as they 
are related to the habitat preference of these species. For example, the occurrence of Song 
Sparrows and the density of Common Yellowthroats, both wet meadow and upland nesting 
species, were associated with the percentage of wet meadow zone. Similarly, shorebird 
species richness and the occurrence of Killdeer were positively related to the percentage of 
mudflat. Mudflats provide migratory shorebirds a place for feeding and resting, and 
additionally offer Killdeer a nesting place. 
It was surprising that the habitat diversity index, based on the evenness of distribution 
of the various wetland zones, was not positively associated with greater species richness, the 
occurrences of any species, or any density estimates, as Fairbairn and Dinsmore (2001 a) 
found habitat diversity index was the most frequently selected variable in their study of 
wetland complexes in Iowa. However, they looked at wetlands ranging from small 
temporary marshes, typically composed of an open water and mudflat zone, to larger 
permanent marshes, with even distributions of open water, emergent, and wet meadow zones. 
It may be that birds are more likely to show preferences when sites vary to such a large 
degree. On the other hand, I limited my study sites to seasonal and semi-permanent 
wetlands, and so the wetlands in my study varied much less than did the ones they studied. 
75 
Finally, it is interesting to note that most of the factors associated with Red-winged 
Blackbird density are opposite in their effect of those predicting Yellow-headed Blackbird 
density. Red-winged Blackbirds preferentially nest in cattails in the emergent zone in the 
absence of Yellow-headed Blackbirds but move to the edge of that zone when Yellow-
headed Blackbirds are present (Miller 1968). Therefore, the association of Red-winged 
Blackbird density with the number of vegetation species and the percentage of robust 
emergent vegetation may have been more a result of competition with Yellow-headed 
Blackbirds than actual habitat preference. 
Landscape level 
The theory of island biogeography (MacArthur and Wilson 1967) predicts that islands 
within a group of islands will have more species than a similar sized isolated island. 
Numerous studies have tested this idea with habitat islands. Brown and Dinsmore (1986) 
found that wetland complexes indeed attracted more bird species than isolated wetlands. 
Fairbairn and Dinsmore (2000a, b) reported that the amount of wetland habitat within and 
surrounding a wetland complex was the most important predictor of species richness and 
individual species densities. 
I found that several measures of wetland habitat within 1500m of each study site 
were significant in predicting species richness estimates (Table 6). In particular, the area of 
semi-permanent wetlands and the number of marshes within 1500m of each site were 
positively associated with breeding and non-waterfowl breeding species richness estimates. 
The area of semi-permanent wetland and the number of marshes within the 1500m buffer of 
each site were also important predictors of species occurrences and densities (Tables 8 and 
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10). This apparent preference for wetland complexes by marsh birds lends further support to 
the recent suggestion that migrating birds use general landscape features, such as the amount 
of surrounding wetland habitat, to evaluate whether or not a particular wetland deserves 
further investigation as a potential nesting site (Orians and Wittenberger 1991). 
It was surprising to find that non-waterfowl breeding species richness and waterfowl 
species richness, as well as occurrences of several marsh birds, increased with increasing 
distances from the nearest road (Tables 6 and 8). Similarly, the amount of road within the 
1500m buffer was also negatively associated with the occurrence of Marsh Wrens and Red-
winged Blackbird density. Few studies have investigated the role that roads might have on 
marsh bird communities. One study in Ontario, however, did find that bird species richness 
decreased with increasing paved road density (Findlay and Houlahan 1997). It has been 
suggested that while roads would not pose dispersal barriers to birds as they do to some other 
vertebrate species, noise levels from roads might reduce habitat quality (Reijinen and Foppen 
1994). 
Finally, as with the within-wetland level models, factors associated with the density 
of Red-winged Blackbirds at the landscape level were opposite to those predicting the 
density of Yellow-headed Blackbirds. Whether Red-winged Blackbirds are choosing to nest 
in wetlands associated with a low density of roads and nearby marshes or are forced to nest 
in these sites because of exclusion from their preferred areas by Yellow-headed Blackbirds is 
beyond the interpretive scope of this study. 
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Management Recommendations 
As with other studies of marsh bird communities, area was an important predictor of 
species richness and individual species occurrences and densities, suggesting that some 
marsh birds may be area sensitive species. Managers should restore wetlands in a range of 
sizes in order to span the minimum area requirements of some of these species. Several 
vegetative factors, such as the percentage emergent zone and the percentage of robust 
emergent vegetation, were also related to bird use of wetlands. Previous studies have also 
suggested the importance of the emergent zone in attracting bird species to prairie potholes 
(Weller and Spatcher 1965, Weller and Fredrickson 1974). It has also been shown that 
restored wetlands typically lack the full diversity of plant species found in natural wetland 
(Galatowistch and van der Valk 1996) and have a lower emergent zone-to-open water ratio 
(VanRees-Siewart and Dinsmore 1996). Most marsh birds rely on wetland vegetation for 
cover, nesting, and/or feeding. Restoration efforts should focus on establishing a diverse 
vegetative community, similar to that of natural wetlands (e.g., Budelsky and Galatowitsch 
2000). Wetland restoration programs should also encourage long-term restorations, so as to 
allow the vegetative diversity and cover to return, which in tum would provide a habitat for a 
greater number and density of bird species. 
This study also showed that the surrounding landscape plays an important role in 
predicting bird use of wetlands in the Prairie Pothole Region. In particular, the area of semi-
permanent wetlands and the number of marshes within 1500m of each site were associated 
most often with species richness estimates as well as individual species occurrences and 
densities. Wetland restoration, then, should focus on restoring groups (complexes) of 
wetlands rather than individual basins and, if possible, these complexes should be close to 
78 
other similar wetland complexes. Complexes not only provide marsh birds with nearby 
wetland habitat, but are also more likely to offer species at least some suitable habitat in any 
given year, regardless of the water conditions. 
Finally, this study found that the distance to the nearest road showed a negative 
relationship to some bird species. Noise from traffic may decrease bird habitat quality, or 
roads may provide an unfavorable edge or increase predatory access to wetlands. Whatever 
the case, when feasible, wetlands should be restored on large blocks of land, where the 
perimeter of the wetland is surrounded by upland or marsh habitat. 
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Table 1. Wetland bird species used in breeding species occurrence models and the number of 
wetlands at which each species nested in the Prairie Pothole Region of northwestern Iowa. 
A total of24 wetlands were surveyed each year, 1999 and 2000, for a total sample size of 48 
wetlands. 
Number of Wetlands 
Where Species Nested 
Species 1999 2000 Total 
------
Pied-billed Grebe Podilymbus podiceps Linnaeus 15 1 16 
American Bittern Botaurus lentiginosus Racket 4 0 4 
Least Bittern Ixobrychus exilis Gmelin 2 2 4 
Green Herona Butorides striatus Linnaeus 0 2 2 
Canada Goose Branta canadensis Linnaeus 11 14 25 
Wood Duck Aix sponsa Linnaeus 3 2 5 
Gadwalla Anas strepera Linnaeus 1 2 3 
Mallardb Anas platyrhynchos Linnaeus 23 24 47 
Blue-winged Teal Anas discors Linnaeus 23 12 35 
Ring-necked Ducka Aythya collaris Donovan 0 1 1 
Hooded Mergansera Lophodytes cucullatus Linnaeus 0 1 1 
Ruddy Ducka Oxyura jamaicensis Gmelin 1 0 1 
Sora Porzana carolina Linnaeus 7 0 7 
Virginia Rail Rallus limicola Vi elIot 10 2 12 
American Coot Fulica americana Gmelin 10 2 12 
Killdeer Charadrius vociferous Linnaeus 0 6 6 
Sedge Wren Cistothorus platensis Latham 20 16 36 
Marsh Wren Cistothorus palustris Wilson 12 9 21 
Yellow Warblera Dendroica petechia Linnaeus 1 1 2 
Common Yellowthroatb Geothlypis trichas Linnaeus 24 24 48 
Song Sparrow Melospiza melodia Wilson, A. 11 19 30 
Swamp Sparrow Melospiza georgiana Latham 22 21 43 
Red-winged Blackbirdb Agelaius phoeniceus Linnaeus 24 24 48 
Yellow-headed Blackbird Xanthocephalus 
xanthocephalus Bonaparte 13 8 21 
Common Grackle Quiscalus quiscula Linnaeus 11 16 27 
American Goldfincha Carduelis tristis Linnaeus 0 2 2 
a Not used in analysis, due to the limited number of marshes in which species was found. 
b Not used in analysis, due to the limited number marshes in which species was not found. 
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Table 2. Descriptions of the within-wetland variables that were measured to evaluate bird 
use of wetlands in the Prairie Pothole Region ofIowa in 1999 and 2000. 
















natural = 3, old restored:::;: 2, young restored = 1 (categorical) 
total area of the marsh (ha) 
perimeter of wetland (m) 
perimeter-to-area ratio (mlha) 
percentage of marsh that is open water 
percentage of marsh that is emergent zone 
percentage of marsh that is wet meadow zone 
percentage of marsh that is covered with wetland vegetation 
percentage of marsh that is mudflat zone 
habitat diversity index measuring the evenness of the distribution of 
the various wetland zones 
number of dominant vegetation species (~ 10%) in vegetated zones 
(emergent and wet meadow zones) 
number of dominant species (~ 10%) in emergent zone 
number of dominant species (~ 10%) in wet meadow zone 
1:::;: 0-20 cm; 2:::;: 21-40 cm; 3:::;: 41-60 cm; 4:::;: > 60 cm 
proportion of emergent zone that is robust vegetation 
proportion of emergent zone that is weak-stemmed vegetation 
proportion of wet meadow zone that is robust vegetation 
proportion of wet meadow zone that is weak-stemmed vegetation 
a Variable was included in stepwise multiple regression analyses and stepwise logistic analyses. 
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Table 3. Descriptions of the landscape variables that were measured and used in multiple 
regression analysis to evaluate bird use of wetlands in the Prairie Pothole Region oflowa in 
1999 and 2000. 










total area of all wetland habitat within 1500 m radius buffer 
area of permanent wetlands in 1500 m radius buffer 
area of semi-permanent wetlands in 1500 m radius buffer 
area of seasonal wetlands in 1500 m radius buffer 
area oftemporary wetlands in 1500 m radius buffer 
number of marshes within 1500 m radius buffer 
distance to the nearest marsh (m) 
total length of roads within 1500 m radius buffer (m) 
distance to the nearest road (m) 
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Table 4. Species richness counts used as dependent variables in habitat and landscape 
models of bird use in wetlands in the Prairie Pothole Region oflowa, 1999 and 2000. 
Richness Estimate Description 
Total species richness Total number of bird species using a site 
Breeding species richness Number of species determined to be breeding at 
each site 
Non-waterfowl breeding species richness Non-waterfowl species determined to be 
breeding at each site 
Waterfowl richness Total number of waterfowl species found using 
a particular site 
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CHAPTER 4. GENERAL CONCLUSIONS 
General Discussion 
Since the time of settlement, wetlands have been extensively drained, and those few 
that remain have become increasingly fragmented. In the late 1970s and early 1980s, several 
federal, state, and local programs were established with the incentive of protecting natural 
basins and restoring drained basins back to their nonnal conditions. In the Prairie Pothole 
Region ofthe Midwest, 1.9 million acres (about 769,00 ha) of wetland and grassland habitat 
have been conserved, restored, or enhanced through the Prairie Pothole Joint Venture of the 
North American Waterfowl Management Plan (Kresl et al. 1995). Several studies have 
looked at the ability of bird communities to respond to restorations within the first few years 
(e.g., Delphey and Dinsmore 1993, Hemesath and Dinsmore 1993, VanRees-Siewert and 
Dinsmore 1996). 
This study provides infonnation on some of the long-tenn effects of restoration on 
marsh bird communities. Even 12 years post-restoration, restored basins had lower total and 
breeding species richness than natural wetlands. This difference may be due to differences in 
several habitat factors within these wetlands. For example, natural wetlands had a greater 
percentage of vegetated area and a greater number of dominant emergent zone plant species 
than restored wetlands. Management efforts of restored wetlands should focus on 
establishing a more diverse vegetative community, similar to that of natural wetlands, that 
would offer marsh birds more suitable breeding habitat. Although old restored and young 
restored categories did not differ in either total or breeding species richness, regression 
analysis showed that breeding species richness is still increasing with wetland age. This 
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suggests that 12 years is not long enough for restored wetlands to reach their full avian 
diversity, and argues for the need of long-tenn or pennanent wetland easements. 
This study also showed the effects that drought conditions have on marsh bird 
communities. While total species richness did not differ between a nonnal year and a dry 
year, breeding species richness was considerably lower during a dry year. Specifically, 
species that typically breed in the emergent zone, such as Yellow-headed Blackbirds 
(Xanthocephalus xanthocephalus) and American Coots (Fulica americana), were absent from 
many wetlands in a dry year. Few wetlands in a dry year contained a water-logged emergent 
zone, and therefore little breeding habitat preferred by these species was available. Due to 
this dynamic nature of individual wetlands, restoration efforts should be focused in wetland 
complexes, where it is more likely that at least some suitable breeding habitat will be 
available in any given year. 
Finally, this study provides infonnation on the within-wetland and landscape-level 
variables that are associated with bird use of wetlands in Iowa. Several within-wetland 
variables were associated with species richness estimates, including wetland area and the 
depth of the emergent zone. Similarly, within-wetland factors, such as the number of 
dominant vegetation species and the percentage of robust emergent vegetation, predicted the 
occurrences and densities of several species. Knowledge of these variables is important to 
land managers when deciding how to best manage restorations. It appears that the landscape 
is also an important scale to consider when deciding where to place potential wetland 
restorations. In particular, the area of semi-pennanent wetlands and the number of marshes 
in the surrounding landscape were important predictors of breeding species richness and six 
species occurrences. Bird species may be using the amount of surrounding wetland habitat 
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as a general cue to the quality of breeding habitat within a specific wetland, and therefore 
would be attracted to wetland complexes over isolated wetlands. 
Future Research 
One of the major goals of wetland restoration is to provide breeding habitat to a 
plethora of marsh species. While this study showed that wetlands 12 years post-restoration 
have a lower diversity of species than natural wetlands, continued monitoring ofthese 
wetlands is needed to fully answer the question of whether wetland restorations can fully 
function as their natural counterparts. This includes tracking the development of the 
vegetation zones and the plant species that comprise them. Similarly, some species were 
found in more natural wetlands than restored wetlands, including four secretive species. 
Detailed research on the habitat factors associated with their presence is needed to fully 
understand what types of habitat factors managers need to focus on. Research regarding the 
breeding success of bird species nesting in restored wetlands is another important area that 
few people have addressed. Is breeding success reduced in restored wetlands compared to 
their natural counterparts? Are restored wetlands acting as sources or sinks to individual 
species populations? 
Another important research question relates to the effects of drought on marsh bird 
communities. While this study showed that breeding bird use of wetlands decreased in a 
drought year, it would be interesting to see how these same wetlands rebound from a 
drought. How long does it take before some species appear in these wetland after a drought? 
Do wetlands that fluctuate less in water conditions have more bird species than those that 
vary from year to year? 
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Landscape-level studies are important to land managers when it comes to selecting 
potential restoration sites. This study, along with Fairbairn and Dinsmore (2001a,b), 
modeled the effects of the landscape, in terms of surrounding wetland habitat, on bird 
communities in Iowa's wetlands. Two important questions regarding the landscape 
surrounding Iowa's wetlands still need to be answered: How does the composition of the 
upland affect what bird species are found in a wetland? How do various land practices (i.e., 
cropland, pasture, grassland, urban) affect wildlife use of nearby wetlands? These types of 
questions can now be addressed due to recent advances in computer technology (namely GIS 
software) and increases in the amount and availability of digital data. 
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APPENDIX A. LOCATION AND DESCRIPTION OF STUDY SITES USED IN 1999 
ID Name Areal Type2 County Legal Description 
1 Dewey's Dumbbell 1.74 N Clay T97N R35W S25 NWI/4 
2 Grover's 2.21 N Dickinson TIOON R37W SI2 SE1I4 
3 Iowa Lake Marsh South 1.50 N Kossuth TI00N R30W S7 S1I2 
4 Iowa Lake Marsh North 3.13 N Kossuth TlOON R30W S7 N1I2 
5 Spring Run Diagonal 1.37 N Dickinson T99N R36W S24 NE1I4 
6 Spring Run 26 East 1.52 N Dickinson T99N R36W S26 NE1I4 
7 Spring Run 26 West 1.73 N Dickinson T99N R36W S26 NE1/4 
_~ ________ ~I?!i~~_~~_~_~ ___________________ ~:!_~ ________ ~ ______ p_i_~~~~~~~ ____ ~~~~_~~_~~_~_~?_~~~~ ___ _ 
9 Braby 2 1.17 0 Palo Alto T97N R34W S 1 SW1I4 
10 Braby 4 1.18 0 Palo Alto T97N R34W SI SW1I4 
11 Clay South 2.14 0 Clay T97N R35W S26 NE1I4 
12 Clay North 1.14 0 Clay T97N R35W S26 NE1/4 
13 Henry 1 1.69 0 Emmet T98N R34W S36 SWI14 
14 Henry 2 1.15 0 Emmet T98N R34W S36 SWI14 
15 McBreen East 2.01 0 Dickinson TI00N R37W S13 SW1/4 
16 Thu 1.20 0 Palo Alto T97N R34W S8 NW1I4 
-------------------------------------------------------------------------------------------------------------.----------17 Blue Wing East 1.28 Y Palo Alto T96N R34W S lO SWI14 
18 Blue Wing West 1.08 Y Palo Alto T96N R34W S10 8W1I4 
19 Dugout Creek 3.02 Y Dickinson T99N R38W SlO NE1I4 
20 Jemmerson 1.90 Y Dickinson TIOON R36W 832 NW1I4 
21 Lost Island 0.90 Y Palo Alto T97N R34W S32 8W1I4 
22 Spring Run 26 1.26 Y Dickinson T99N R36W S26 SE1/4 
23 Welch 1 1.63 Y Dickinson TlOON R37W S26 NE1I4 
24 Welch 2 1.33 Y Dickinson TIOON R37W S26 NE1I4 
1 = Area in hectares, detennined by Arc View 
2 = wetland type (N = natural, 0 = old restored, Y = young restored) 
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APPENDIX B. LOCATION AND DESCRIPTION OF STUDY SITES USED IN 2000 
ID Name Areal Type2 County Legal Description 
1 Dewey's Dumbbell 1.80 N Clay T97N R35W S25 NW1I4 
2 Grover's Road 1.53 N Dickinson TI00N R37W S12 SE1/4 
3 Iowa Lake Marsh South 1.36 N Kossuth TI00N R30W S7 S1I2 
4 Iowa Lake Marsh North 2.37 N Kossuth T100N R30W S7 N1I2 
5 Spring Run Diagonal Road 1.55 N Dickinson T99N R36W S24 NE1I4 
6 Spring Run 26 East 1.58 N Dickinson T99N R36W S26 NE1I4 
7 Spring Run 26 West 1.30 N Dickinson T99N R36W S26 NE1I4 
_~ ________ ~I?~~~_ ~~~_ ?_~ _____________________ 1_ ~~? ______ ~ ______ !?~~~!?_~?~ _____ _ 'T_~~~ _~~_~~ _ ~~?_ ~ ~ ~ ~ __ 
9 Braby Okoboji 3.05 0 Dickinson T99N R36W S33 SW1I4 
10 Clay South 2.25 0 Clay T97N R35W S26 NE1I4 
11 Henry 1 1.12 0 Emmet T98N R34W S36 SW1I4 
12 Henry 2 1.04 0 Emmet T98N R34W S36 SWII4 
13 Meredith 1 1.35 0 Hancock T97N R24W S5 NW1I4 
14 Meredith 2 1.11 0 Hancock T97N R24W S5 NW1I4 
15 Spring Run Dump 2.71 0 Dickinson T99N R36W S27 NW1/4 
16 Thu 2.01 0 Palo Alto T97N R34W S8 NW1I4 
------------------------------------------------------------------------------.------------------------------.--------
17 Elk Lake North 2.44 Y Clay T95N R35W S36 NE1I4 
18 Gladfelter North 1.45 Y Hancock T97N R25W S22 NE1I4 
19 Gladfelter South 1.21 Y Hancock T97N R25W S22 SE1I4 
20 Holte North 0.95 Y Palo Alto T97N R34W S 17 SE1/4 
21 Holte Soutj 0.99 Y Palo Alto T97N R34W S17 SE1I4 
22 Spring Run Dump North 2.48 Y Dickinson T99N R36W S22 SE1I4 
23 Spring Run 26 1.20 Y Dickinson T99N R36W S26 SE1/4 
24 Welch 3 2.17 Y Dickinson T100N R37W S26 NE1I4 
1 = Area in hectares, determined by Arc View 
2 = wetland type (N = natural, 0 = old restored, Y = young restored) 
101 
ADDITIONAL LITERATURE CITED 
Batt, B. D. J., M. G. Anderson, C. D. Anderson, and F. D. Caswell. 1989. The use of prairie 
potholes by North American ducks. Pp. 204-207 in A. van der Valk, ed. Northern 
priarie wetlands. Iowa State University Press, Ames. 
Bishop, R. A., J. Joens, and J. Zohrer. 1998. Iowa's wetlands, present and future with a 
focus on prairie potholes. Journal of the Iowa Academy of Science 105: 89-93. 
Brown, M., and J. J. Dinsmore. 1986. Implications of marsh size and isolation for marsh 
bird management. Journal of Wildlife Management 50: 392-397. 
Brown, S. c., and C. R. Smith. 1998. Breeding season use of recently restored versus 
natural wetlands n New York. Journal of Wildlife Management 62: 1480-1489. 
Dahl, T. E. 1990. Wetlands: losses in the United States 1780's to 1980's. U.S. Department 
ofthe Interior. Fish and Wildlife Service. Washington, D.C. 13 pp. 
Dahl, T. E. 2000. Status and trends of wetlands in the conterminous United States 1986 to 
1997. U.S. Department of the Interior. Fish and Wildlife Service. Washington, D.C. 
82pp. 
Dahl, T.E., and C.E. Johnson. 1991. Status and trends of wetlands in the conterminous 
United States, mid-1970's to mid-1980's. U.S. Department of the Interior. Fish and 
Wildlife Service. Washington, D.C. 28 pp. 
Delphey, P. J. 1991. A comparison ofthe bird and aquatic macroinvertebrate communities 
between restored and 'natural' Iowa prairie wetlands. M. S. Thesis, Iowa State 
University, Ames. 85 pp. 
102 
Delphey, P. J. and J. J. Dinsmore. 1993. Breeding bird communities of recently restored and 
natural prairie potholes. Wetlands l3:200-206. 
Dinsmore, J. J. 1998. Iowa's avifauna: Recent changes and prospects for the future. 
Journal of the Iowa Academy of Science 105:115-122. 
Fairbairn, S. E., and J. J. Dinsmore. 2001a. Factors associated with occurrence and density 
of wetland birds in the Prairie Pothole Region ofIowa. Journal of the Iowa Academy 
of Science 108: 8-14. 
Fairbairn, S. E., and J. J. Dinsmore. 2001b. Local and landscape-level influences on wetland 
bird communities of the Prairie Pothole Region of Iowa, USA. Wetlands 21: 41-47. 
Findlay, C. S., and J. Houlahan. 1997. Anthropogenic correlates of species richness in 
southeastern Ontario Wetlands. Conservation Biology 11: 1000-1009. 
Galatowitsch, S. M., and A. G. van der Valle 1996. The vegetation of restored and natural 
prairie wetlands. Ecological Applications 6: 102-112. 
Gibbs, J. P. 1993. Importance of small wetlands for the persistence of local populations of 
wetland-associated animals. Wetlands l3: 25-31. 
Hemesath, L. M., and J. J. Dinsmore. 1993. Factors affecting bird colonization of restored 
wetlands. Prairie Naturalist 25: 1-11. 
Kantrud, H. A., and R. E. Stewart. 1984. Ecological distribution and crude density of 
breeding birds on prairie wetlands. Journal of Wildlife Management 48:426-37. 
103 
Kresl, S.J., J.T. Leach, C.A. Lively, and R.E. Reynolds. 1995. Working partnerships for 
conserving the nation's Prairie Pothole ecosystem-the U.S. Prairie Pothole Joint 
Venture. Trans. North American Wildl. and Natural Resour. Conf. 60: 363-371. 
LaGrange, T. G., and J. J. Dinsmore. 1989. Plant and animal community responses to 
restored Iowa wetlands. Prairie Naturalist 21: 39-48. 
McCorvie, M.R., and C.L. Lant. 1993. Drainage district formation and the loss of 
midwestern wetlands, 1850-1930. Agricultural History 67: 13-39. 
Mitsch, W. J., and J. G. Gosse1ink. 1993. Wetlands, 2nd ed. John Wiley & Sons, Inc. New 
York. 722p. 
Naugle, D. E. 1997. Habitat area requirements of prairie wetland birds in eastern South 
Dakota. Ph.D. Dissertation, South Dakota State University, Brookings. 85pp. 
Naugle, D. E., J. S. Gleason, J. A. Jenks, and K. F. Higgins. 1997. Factors influencing 
wetland use by Canada Geese. Wetlands 17: 552-558. 
Naugle D. E., K. F. Higgins, and S. M. Nusser. 1999a. Effects of woody vegetation on 
prairie wetland birds. The Canadian Field-Naturalist 113: 487-492. 
Naugle, D. E., K. H. Higgins, S. M. Nusser, and W. C. Johnson. 1999b. Scale-dependent 
habitat use in three species of prairie wetland birds. Landscape Ecology 14: 267-276. 
Niesar, S. L., and D. E. Hubbard. 1997. Breeding bird richness in the Prairie Pothole Region 
of Minnesota. Prairie Naturalist 29: 81-92. 
Prince, H. 1997. Wetland of the American Midwest: A Historical Geography of Changing 
Attitudes. University of Chicago Press, Chicago. 395 pp. 
104 
Schafer, J. L. 1996. A comparison of blackbird reproductive success in natural and restored 
Iowa wetlands. M.S. thesis, Iowa State University, Ames. 69 pp. 
Schuster, J. E. 1998. Avian community composition and diversity in natural and restored 
central Iowa wetlands. M.S. thesis, Iowa State University, Ames. 74 pp. 
Semlitsch, R. D., and J. R. Bodie. 1998. Are small, isolated wetlands expendable? 
Conservation Biology 12: 1129-1133. 
Tiner, R. W., Jr. 1984. Wetlands of the United States: current status and recent trends. U. 
S. Fish and Wildlife Service, National Wetland Inventory. Washington, D.C. 59 pp. 
VanRees-Siewert, K. L. 1993. The influence of wetland age on bird and aquatic 
macroinvertebrates use of restored Iowa wetlands. M.S. thesis, Iowa State 
University, Ames. 96 pp. 
VanRees-Siewert, K. L., and J. J. Dinsmore. 1996. Influence of wetland age on bird use of 
restored wetlands in Iowa. Wetlands 16: 577-582. 
Weller, M. W. 1979. Birds of some Iowa wetlands in relation to concepts of faunal 
preservation. Proceedings of the Iowa Academy of Science 86:81-88. 
Weller, M. W., and L. H. Fredrickson. 1974. Avian ecology of a managed glacial marsh. 
Living Bird 12: 269-291. 
Weller, M. W., G. W. Kaufinann, and P. A. Vohs, Jr. 1991. Evaluation of wetland 
development and waterbird response at Elk Creek Wildlife Management Area, Lake 
Mills, Iowa, 1961 to 1990. Wetlands 11: 245-263. 
105 
Weller, M. W., and C. S. Spatcher. 1965. Role of habitat in the distribution and abundance 
of marsh birds. Iowa Agriculture and Home Economics Experiment Station. Special 
Report No. 43. Ames, Iowa, USA. 
Zohrer, J. 2000. Iowa prairie pothole joint venture 1999 status report. Iowa Department of 
Natural Resources, Des Moines, IA, USA. 
106 
ACKNOWLEDGMENTS 
I thank the Department of Animal Ecology at Iowa State University, the Iowa 
Agriculture and Home Economics Experiment Station, and Steve Lewis ofthe U.S. Fish and 
Wildlife Service for providing funding for this project. I thank the Iowa DNR, in particular 
Doug Harr, Neil Heiser, Ron Howing, Tom Neal, and Greg Hanson, and Steve Pitt of the 
Palo Alto County Conservation Board for their assistance in locating study sites. I thank 
Larry Braby for allowing me access to wetlands restored on his properties. I thank the 
Wehrspann's and the Iowa Lakeside Laboratory for providing me lodging during my field 
seasons. I thank Dr. Bonnie Bowen and Dr. Carol Vleck, for their suggestions regarding my 
methodology and coursework and for their helpful editing of my manuscripts. I thank Dr. 
Phil Dixon of the Statistics Department for his helpful statistical advice. 
I especially thank my advisor, Dr. James J. Dinsmore, for giving me the opportunity 
to pursue this project. His dedication to this project, from start to finish, made him a great 
advisor; his dedication to his students makes him an even better person. I truly do not think I 
could have gotten through this if it were not for his patience with me and his confidence in 
me. 
I thank my fellow graduate students for their help over the last three years. In 
particular, I thank Steve Fairbairn for his help in identifying the objectives ofthis study, and 
Rob Fletcher and Gian Dodici for helping me with Arc View and georeferencing aerial slides. 
I thank the computer crew, especially Les Murray and T. J. Benson, for keeping a light-
hearted atmosphere in the lab while we worked on our statistical analyses. 
107 
I also thank my mentor and advisor from Gustavus Adolphus College, Professor Bob 
Bellig, for taking me on that life-changing trip to Africa and encouraging me to pursue a 
master's degree. I hope retirement brings you all the rest and relaxation, as well as hunting 
and fishing that you deserve! 
I thank my parents for their never-ending support and encouragement. Thank you for 
instilling in me the belief that I can do anything I set my mind to as long as I am willing to 
work hard. I thank my grandmas, Edith Sheasby and Harriet Dault, for always thinking the 
best of me ... nobody loves you quite like your grandmas! Thank you also for blueberry pies, 
rhubarb cakes, and monster cookies ... 
Finally, I thank my fiance, Jay Hudson, for his assistance in the field and in life. I 
came to ISU in pursuit of a degree; I never dreamed I would leave with so much more! 
I dedicate this thesis to the memory of my grandfathers, William Sheasby and Donald 
"Butch" Dault. Their love for the lakes and woods of northern Minnesota inspired me to 
pursue a degree in ecology. They showed me that with hard work and ambition, anything in 
life is possible. I love and miss you both! 
Go Cyclones! 
